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SCOPE  OF  THE  REPORT 


This  contract  was  awarded  on  May  30,  1965,  but  the  work  did  not  get 
underway  until  July  1,  196$  for  various  reasons  including  the  final  ratifi¬ 
cation  of  the  contract  by  Harvard  University.  Initially,  the  contract  was 
awarded  for  a  period  of  two  years.  Upon  our  request  it  was,  however,  extended 
for  an  additional  one  year  period.  This  report  summarizes  our  work  of  three 
years  (1965-1968)  on  the  chemical  binding  of  photo-protective  agents  to  the 
human  stratum  comeum.  As  a  result  of  extensive  laboratory  studies  and  four 
clinical  trials  on  human  volunteers  (three  conducted  at  the  Arizona  State 
Prison,  Florence,  Arizona  and  one  conducted  on  the  snow  covered  mountains  of 
the  Swiss  Alps),  wo  report  the  foil owing i 

a)  Vie  have  developed  at  least  two  formulations  which,  after  a  single 
application,  protect  individuals  undergoing  long  exposure  to  the 
sunburn  spectrum. 

b)  The  formulations  are  more  effective  than  commercially  available 
produc  ts . 

c)  They  afford  effective  protection  after  exercise  and  sweating. 

*d)  Both  the  preparations,  after  a  single  application,  tend  to  remain 
on  the  skin  after  bathing  or  swimming  and  exert  a  partial,  yet 
very  satisfactory  protection. 

e)  Under  normal  conditions  of  use,  that  involve  activities  such  as 
swimming,  playing  ball,  walking  and  lying,  a  single  application  of 
these  preparations  provides  very  effective  protection. 

f)  The  preparations  do  not  inhibit  tanning  by  long -wave  ultraviolet 
and  visible  radiation. 

g)  The  preparations  are  cosmetically  acceptable,  being  invisible  and 
without  odor  or  color  on  the  skin. 

h)  They  have  no  contact  or  allergenic  sensitizing  potential. 

i)  Under  intensely  bright  sun  with  hot  and  dry  climatic  conditions, 
under  warm  and  humid  conditions,  and  on  snow  covered  mountains 
at  high  altitudes,  that  reflect  ultraviolet  radiation,  prepara¬ 
tion  MAP,  MAP  (D5)  and  G  were  found  to  provide  very  effective 
protection. 

Our  efforts  to  promote  a  stable  chemical  conjugation  (under  physiologic 
conditions)  of  this  agent  to  the  stratum  corneum  with  the  hope  that  a  single 
application  would  afford  a  long  term  protection  (at  least  a  period  of  seven 
days)  were,  however,  unrewarding. 


The  following  preparations  are  recommended  for  obtaining  effective 
protection  against  sunburn, 

1)  Preparation  MAP:  5#  para-aminobenzoic  acid  in  75  -  95%  ethyl 
alcohol  (pH  li.5  -  i|.8). 

2)  Preparation  MAP  (D5):  contains  5%  para-aminobenzoic  acid  in 
70  -  15%  ethanol,  5%  oleyl  alcohol  and  2"  polyoxyethylene 
oleyl  ether  as  emollients  and  solubilizer. 

3)  Preparation  G:  contains  2.5#  Eskalol  506  (isoamyl-p-n,  n- 
dimethylaminobenzoate  or  glyceryl-para-aminobenzoate)  in 
65  -  70#  ethyl  alcohol. 

It  i3  apparent  that  this  research  has  not  uncovered  any  new  agents; 
para-aminobenzoic  acid  and  its  derivatives  have  been  used  for  over  forty  years 
as  topical  sunscreens.  The  unique  finding  from  these  studies  is  that  formula¬ 
tions  of  para-aminobenzoic  acid  and  its  esters  in  ethyl  alcohol  are  the  most 
effective  topical  agents  and  remain  bound  to  the  skin  after  immersion  or 
exercise.  There  are  no  commercially  available  preparations,  to  our  knowledge, 
that  contain  over  2%  para-aminobenzoic  acid  or  its  esters  in  ethyl  alcohol. 

It  appears  that  previous  studies  on  sunscreens  have  not  been  done  under  rigor- 
ous  field  conditions,  have  not  been  well  controlled,  and  have  not  tested  solar 
protection  following  exercise  or  immersion.  This  formulation  of  PABA  and 
PABA  esters  in  ethyl  alcohol  has  never  been  explored  and  adequately  tested. 
Therefore,  these  studies  have  provided,  with  commercially  available  photo- 
protective  agents  (PABA  and  its  esters): 

1)  a  new  formulation  that  approaches  an  ideal  topical  screen  against 
the  sunburn  spectrum; 

2)  a  series  of  controlled  studies  of  most  of  the  commercially  available 
sunscreens  performed  in  an  adequate  number  of  subjects  under  rigorous 
field  conditions  of  the  desert  and  the  mountains. 

We  recommend  that  these  preparations,  listed  above,  be  considered  by  the 
Military  as  the  most  effective  and  practically  usable  topical  sunscreens 
available • 


Preparation  G  was  formulated  and  supplied  under  sponsorship  of  the  Sea  and 
Ski  Corporation. 


Figure  A:  Showing  the  prolonged  protective  effect  of  MAP.  After 
a  single  application  of  MAP  (left  side)  and  Sea  &  Ski 
(right  side),  the  subject  (#  26156)  was  exposed  to 
1,  2£  and  U  hours  of  solar  radiation.  Control  (untreated, 
upper  right)  skin  area  received  only  1  hour  of  sun  exposure. 


Figure  Bi  Illustrating  the  protective  effect  of  MAP  and  a 
commercially  available  preparation  (Coppertone 
shade,  extra  protection)  under  conditions  of 
exercise  (30  minutes)  accompanied  by  sweating. 

The  control  untreated  (top),  MAP  and  Coppertone 
treated  skin  areas  received  70  and  120  minutes  of 
sun  exposure. 


i  J  m  Rl  JJ 

U\  L 

Figure  C:  Illustrating  the  protective  effect  of  MAP  under  conditions 
simulating  normal  usage,  formal  conditions  of  use  included 
two  periods  of  swimming  (10  minutes  each),  lying  on  the 
back  and  in  the  prone  position  (1  hour),  and  walking  and 
running  around  uhe  court  and  sitting  in  the  sun  (1  hour). 

The  control  (untreated)  area  is  in  the  center  and  UVAL 
(a  leading  commercial  product)  treated  area  is  on  the  right. 
The  right  and  the  left  sides  received  a  single  application 
of  the  test  products. 


INTRODUCTION 


Solar  Radiation  and  the  Exythemal  Spectrum:  The  spectrum  of  the  electro¬ 
magnetic  radiation  stretches  through  an  enormous  range,  from  gamma  rays, 
which  may  be  less  than  0.01  £  long,  to  radio  waves  that  may  be  between 
1  mm.  and  several  kilometers  long.  The  intensity  of  solar  radiation  outside 
the  earth's  atmosphere  at  the  earth's  mean  solar  distance  (i.e.  the  solar 
constant)  averages  about  2.002  cal  per  cm2  or  0.1396  watt  p6r  cm2  (F,  S. 

Johnson,  J.  Meterol.,  2:)i31,  195U).  This  is  equivalent  to  1170  watts/square  yard. 
About  two  thirds  of  this  energy  actually  reaches  the  surface  of  the  earth, 
the  remainder  being  reflected,  scattered  or  absorbed  in  the  atmosphere. 

About  half  of  the  sun's  energy  is  concentrated  in  the  visible  portion  of  the 
spectrum  (i.e.  between  380-700  mu),  about  k0%  in  the  infrared  and  about  10^ 
in  the  ultraviolet.  Practically  all  of  the  radiation  shorter  than  295  mu 
is  absorbed  in  the  earth's  atmosphere  so  that  radiation  below  295  mu  does  not 
appear  to  reach  the  surface  of  the  earth.  It  is  fortunate  that  man  lives  on 
a  planet  that  is  not  reached  by  wavelengths  shorter  than  295  mu.  Wavelengths 
shorter  than  290  mu,  whose  energy  content  is  more  than  95  K.cal  per  mole  of 
quanta,  can  damage  severely  biologic  tissue  like  skinj  they  can  denature  inactlva.t.R 
proteins,  depolymerize  nucleic  acids,  induce  mutations  and/the  enzymes 
essential  for  biologic  functioning.  Radiation  between  297-1100  mu,  that 
reaches  the  surface  of  the  earth,  constitutes  a  major  portion  of  the  solar 
radiation  (about  75$)*  For  the  most  part,  this  energy  is  biologically  useful 
in  that  it  promotes  such  orderly  and  beneficial  chemical  reactions  as  photo¬ 
synthesis,  visual  photoreception,  photoreactivation,  cutaneous  pigment  darken¬ 
ing  and  melanogenesis.  Human  skin  can  utilize  a  large  part  of  this  solar 
energy  without  demonstrable  injurious  effects,  but  within  this  broad  spectrum 
there  is  a  band  of  radiation  with  wavelengths  between  297  and  320  mu  (the 
so-called  erythemogenic  spectrum)  that  is  capable  of  inducing  cutaneous 
sunburn,  carcinogenesis,  senile  elastosis  and  phototoxic  reactions  (exagger¬ 
ated  sunburn  response)  due  to  ingestion  of  certain  drugs. 

Sunburn:  Since  1922,  it  has  been  known  that  sunburn  and  suntan  of  the  human 
skin  are  due  to  the  action  of  a  narrow  band  of  wavelengths  in  the  ultraviolet 
spectrum  of  solar  radiation.  The  erythemal  action  spectrum  obtained  with 
high-pressure,  hot  quartz  mercury  arc  shows  the  maximum  sunburn  response  at 
297  mu  with  little  effectiveness  below  280  mu.  A  second  peak  of  erythema 
producing  activity  is  observed  at  257-260  mu.  When  subjects  are  irradiated 
with  solar  radiation,  the  most  effective  wavelength  is  approximately  307  mu 
It  should  be  emphasized  that  weak  erythemogenic  radiation 
(e.g.  310-320  mu)  contributes  significantly  to  the  development  of  erythema 
induced  by  solar  radiation  because  the  relative  proportion  of  these  wavelengths, 
as  compared  to  300-307  mu  wavelength,  is  significantly  more  in  the  solar  radia¬ 
tion  that  reaches  the  earth's  surface.  Wavelengths  greater  than  320  mu  and 
up  to  U20  mu  can  also  induce  sunburn  reaction,  but  these  wavelengths  are  less 
erythemogenic.  For  example,  in  a  place  like  Florence,  Arizona,  the  minimal 
erythema  dose  for  a  fair-skinned  individual  (back  region)  is  approximately 
25  x  l(r  ergs  per  cur  if  the  subject  receives  only  radiation  of  300-310  mu. 


Introduction  (continued) 


(Minimal  erythema  dose  was  10  minutes  during  midday  in  the  month  of  April). 
It  takes  at  least  120  minutes  of  sun  exposure  to  obtain  minimal  perceptible 
erythema  when  the  same  individual  is  exposed  to  32<M20  mu  wavelengths. 
Almost  no  erythema  is  produced  by  wavelengths  longer  than  420  mu.  Thu  , 
for  practical  purposes,  the  erythemogenic  spectrum  is  generally  considered 
between  290  end  320  mu  with  peaks  at  297  or  300-307  mu. 


Sunburn  and  Suntanning:  The  familiar  sunburn  andsuntanning  that  follow  exposure 
of  skin  to  solar  radiation  or  tr  ultraviolet  light  from  artificial  sour  o, 
are  known  to  involve  several  di.  \nct  photobiological  processes. 


1)  An  initial  faint  erythema  that  is  transient  and  disappears  shortly 
after  exposure. 


2)  Delayed  erythema  that  begins  to  appear  2-4  hours  after  sun  exposure 
and  reaches  a  maximum  intensity  of  bright  pink  to  red  color  in  14~  U 
hours.  This  erythema  gradually  diminishes  within  the  next  4o  to  U 
hours.  The  vascular  response  to  localized  ultraviolet  induced  injury 
is  characterized  by  vasodilatation  and  augmented  blood  flow,  increased 
vascular  permeability,  and  cellular  exudation,  particularly  of  neutro¬ 
phil  leukocytes.  The  superficial  capillary  network  and  the  dermal 
networks  of  venules  and  capillaries  are  affected  in  this  injury. 


3)  Immediate  pigment  darkening  and  redistribution  of  melanin  pigment  that 
is  already  present  in  the  skin  prior  to  irradiation. 

4)  Melanogenesis,  which  involves  production,  transfer  and  redistribution 
of  new  melanosomes.  It  also  involves  an  increase  in  the  number  oi 
functioning  melanocytes. 


The  degree  of  erythema  that  follows  exposure  of  human  skin  to  solar 
radiation  varies  with  the  total  dose  of  radiation  received.  The  same  dose 
of  solar  radiation  may  give  a  variable  response  at  different  body  sites.  The 
back,  the  popliteal  region  of  the  legs,  and  abdomen  are  most  sensitive  to 
sunlight.  The  degree  of  melanogenesis  that  follows  exposure  of  human  skin 
varies  with  the  total  dose  of  radiation  received  and  the  severity  of  the 
epidermal  cell  damage.  The  dose  of  radiation  that  causes  only  mild  damage 
promotes  pigmentation  more  effectively  than  the  aose  that  causes  severe  sunburn 
response.  -When  the  skin  has  been  exposed  to  a  severely  damaging  dose  of  radia¬ 
tion  manifested  by  marked  redness,  all  epidermal  cell  layers  are  injured. 
Individual  cell  dyskeratosis,  epidermal  disorganization  and  even  desquamation 
of  keratinocytes  and  melanocytes  ensues.  In  such. injured  skin,  melanogenesis 
is  poor,  and  pigmentation  may  not  be  markedly  visible,  lelanopenesis  does 
occur,  however,  when  the  epidermis  shows  multiple  foci. of  dyskeratosis  without 
general  disorganization  of  the  cell  layers.  In  such  rildJ.y  damaged  skin,  t  e 
dendritic  arborization  of  melanocyte'’,  hypertrophy  of  melanocytes  and  the  .orm- 
ation  of  new  melanosomes  is  markedly  evident.  Thus,  the  primary  aim  in  any 
topical  sunscreen  preparation  is  to  minimi ?e  severe  damage  to  the  epidermal 

cells. 


THE  PROBLEM  OF  SUNBURN  AND  OUR  OBJECTIVES 


ac-Hn^  J  7  “?<fiIerSlfled  1'mctions  of  the  skin,  protection  against 

the  skindSL»°arf  ateE  °”e  ?!  the  "ost  t'^rtant.  The  protection  which 

accomnSshef hv  ^  “  reaU;y  one  of  lts  es^"tial  functions  and  is 

ccomplished  by  its  excretory  and  secretory  Droducts.  These  are*  1)  the 

proteins  of  stratus,  corneum  and  viaole  epidermis,  namely  k!ra£n  and 

tom  oX  granf9S'  ?  thS  melan“  -Dresert  i"  ‘he  meLosomes  “n  the 

Jrthe  xiDirs  nd  ti"’, ^  Ur°"a,?ic  aoid>  th»  deaminated  product  of  histidine, 
4;  the  lipids  end  the  lipoproteins,  and  5)  carotenes.  In  spite  of  these 

sunbuT5  n6ferS  agSnSt  S°lar  radiati^  skin  is  vulnerable  to 

attempted  b yT  reCently>  effectlve  protection  against  sunburn  has  been 

a)  limiting  the  sun  exposure  by  staying  indoors. 


b) 


c) 


°  L°^ing  ?lSUu  exP°sure  and  Promoting  hyperpigmentation  and 
thickening  of  the  horny  layer  by  gradual  increment  of  sun  exposure. 

build s° n n&+ hf  P  gmef  COndttnt  0f  the  ePidermis  ^d  the  hyperplasia 
builds  up  the  resistance  to  sunburn. 

by  applying  to  the  skin  a  film  of  a  sunscreen  preparation  which, 
because  of  absorption  or  opacity  or  both,  reduces  or  minimizes 

the  impact  of  sunburn  radiation  on  the  vulnerable  cells  of  the 
epidermis. 


d)  by  ingesting  oral  medications  such  as  antimalarials,  or  osoralens 
ahd  promoting  tanning  through  controlled  sun  exposure. 

9)  an„??»f5f\+",0difi°!ti0n  °f  h°rny  layer  so  that  the  exogenously 
chemically2^  th  ?he  t 6  "°lecule  in  the  BUI'barn  epectrum  conjugate! 
radiation  ^  ^  tratu:71  corneum  and  filters  out  the  damaging 

that  involves  the 

Although  the  method  (c),^ topical  application  of  sunscreen  preparation 

““I  Hldel;  USed’  “  h3S  3  ”aJ°r  dieadvantage  ir!h!tPtS^l™ally 

g6ntS  are  to°  easily  wasbed  or  rubbed  off  the  skin.  The  commercially 

the  il^f:ac^ofC^^nHP^ePa^’atl0nS,  m5d6r  natural  conditions,  do  not  remain  on 
tie  surface  of  the  horny  layer.  Either  they  are  eluted  as  a  rpsult  nf 

-d1de^adations  unde;  thTSfluSclT" 

1  r  radiation.  most  of  the  commercial  preparations  are  easily  washed  off 

vwy  eSSSS  PnlPathln§;  ^thermore>  commercial  preparations  are 
artificial^ 1 W  !  fT  nnder  ideal  lab°ratory  conditions  using 

conditions  S  ^ces.  Under  natural  .sunlight  and  outdoor  field 
conditions,  the  same  preparations  are  found  to  be  ineffective. 

The  chemical  alteration  of  the  homy  layer,  the  natural  filtnr  in  situ 
was  therefore  explored.  Pretreating  the  strata!  corneum  with  Ss 


The  Problem  of  Sunburn  (continued) 


that  would  facilitate  binding  of  the  specific  groups  of  keratin  with  chemical 
agents  that  have  the  property  to  absorb  the  erythemogenic  solar  spectrum  was 
undertaken.  The  objectives  of  this  stucfy  were: 

1)  Development  of  a  safe,  highly  effective  sunscreen  preparation  that 
is  partially  bound  to  human  skin. 

2)  To  explore  and  oo  promote  a  chemical  binding  of  a  non-sensitizing, 
ultraviolet  absorbing  agent  (wavelengths  less  than  320  mu)  with 
the  constituents  of  the  stratum  corneum  under  normal  physiologic 
conditions.  A  binding  that  is  envisaged  is  a  type  of  stable 
conjugation  that  is  not  readily  dissociated  with  such  agents  as 
water,  soap  and  detergents. 

3)  To  compare  the  sunburn  preventive  potency  of  MAP*  or  MAP  (D!?)* 
with  various  sunscreen  agents  (both  pure  compounds  and  commercial 
preparations)  that  are  already  known  and  have  the  property  to 
absorb  effectively  the  sunburn  radiation  (wavelengths  less  than 
320  mu). 

U)  To  determine  the  degree  and  the  duration  of  protection  afforded 
by  any  given  agent  after  a  single  topical  application  under  three 
experimental  conditions: 

a)  without  any  washing 

b)  after  inducing  profuse  perspiration  by  exercise 

c)  after  swimming 

5)  To  determine  the  concentration  of  the  sunscreening  agent  necessary 
for  affording  a  complete  protection  against  sunburn  radiation. 

6)  To  determine  the  effects  of  emollients. 

7)  To  determine  the  effects  of  various  solvents,  e.g.  methyl  alcohol, 
ethyl  alcohol,  propyl,  isopropyl,  butyl  and  isobutyl  alcohols. 

8)  To  compare  the  efficacy  of  various  commercial  preparations,  not 
only  under  laboratory  conditions  using  artificial  light  sources, 
but  most  importantly,  under  outdoor  conditions  using  natural 
sunlight. 

9)  To  ascertain  whether  suntanning  (melanogenesis  or  new  melanin 
formation)  can  be  promoted  without  evoking  the  discomforts  of  sunburn. 


*  An  arbitrary  designation  used  throughout  this  report  for  a  formulation  of 
para-aminobenzoic  acid  in  ethanol  that  we  feel  can  be  of  great  use  to  the 
United  States  Army.  Unless  and  otherwise  indicated,  the  preparation  MAP  implies 
5%  para-aminobenzoic  acid  in  70-9!?$  ethanol,  and  MAP  (D!?)  or  D$  implies  $% 
para-aminobenzoic  acid  in  70$  ethanol  with  emollients. 


THE  approach  to  the  problem  of  sunburn  and  its  prevention 


This  study  was  carried  out  in  two  phases.  The  first  phase  included  the 
evaluation  of  the  sunburn  prevention  potency  of  various  chemical  agents  that 
effectively  absorb  sunburn  radiation.  The  evaluation  was  carried  out  under 
laboratory  conditions  using  female  volunteers  and  artificial  ultraviolet 
light  source  for  producing  sunburn  response.  The  second  phase  included  the 
evaluation  of  the  sunscreen  preparations  formulated  in  our  laboratory  under 
outdoor  conditions.  Three  clinical  trials  were  carried  out  on  male  volunteers 
at  the  Arizona  State  Prison  ,11  Florence,  Arizona  and  one  clinical  trial  was 
conducted  in  the  Swiss  A] ns. 


Phase  I:  The  compounds  included  in  the  first  phase  of  our  studies  were: 

1.  Anthranilic  acid  (e.g.  benzyl,  phenyl  and  menthyl), 

2.  Various  esteis  of  para-aminobenzoic  acid  (ethyl,  propyl,  isobutyl, 
monoglycer  1  and  dimethyl  esters  of  PABA). 

3.  Benzophe  ones:  2, li -dihydroxy,  Ij-nethoxy  benzophenone ;  2-hydroxy, 
U-methoxy  benzophenone,  5-sulfonic  acid;  2,2 ‘-dihydroxy,  k-methoxy 
benzophenone. 

а.  Benzylsalicylate. 

?.  Pyrrones:  cinnamic  acid,  umbelliferone,  esculin,  esculetin. 

б.  Petrolatum  (RVP) 

7.  Naphthoquinones:  2 -hydroxy  ,4.,  a -naphthoquinone  and  5 -hydroxy  ,4  .L- 
naphthoquinone . 

8.  Dihydroxyacetone. 

9.  Para-aminosalicylic  acid. 

10.  Sodium  and  potassium  salts  of  para— aminobenzoic  acid. 

In  addition,  2a  of  the  currently  available  commercial  products 
were  carefully  investigated  iri  this  study. 

The  compounds  were  dissolved  in  various  solvents  such  as  methanol,  ethanol, 
isopropanol,  acetone,  butenol,  etc.  They  were  apolied  in  1,5"  x  1,5"  skiri 
areas  on  the  back.  Each  compound  was  applied  at  least  in  6  areas.  Half  of 
the  applied  areas  were  cleaned  with  water  (manual  cleaning  with  water-soaked 
cr  ton  gauze).  Each  treated  site  was  exposed  to  a  varying  dose  of  UV  radiation 
U  to  10  times  the  minimal  erythema  dose)  and  compared  against  control  areas 
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(untreated)  that  received  an  equivalent  dose  of  UV  radiation.  After  2h  hours, 
the  exposed  sites  were  evaluated  for  the  degree  of  erythema. 

It  was  observed  that  these  compounds  listed  above,  when  applied  in  a 
thin  film  in  various  solvents,  do  exhibit  photoprotective  action  to  a  varying 
degree.  However,  when  the  applied  film  was  washed  off,  most  of  the  commercial 
preparations  except  UVAL,  Snootie,  Skolex  and  Solbar  were  found  to  be  ineffect¬ 
ive.  Furthermore,  PABA  in  acid  form,  the  benzophenones,  esculin  and  para- 
aminosalicylic  acid  were  found  to  afford  a  far  better  protection  against 
erythemogenic  radiation  than  other  compounds  listed  above.  It  was  the  alcoholic 
solution  of  PABA  that  proved  to  be  most  effective  in  providing  the  protection 
even  after  repeated  washings  with  water.  This  was  the  beginning  of  our  project, 
and  we  undertook  to  investigate  the  unique  property  of  this  PABA  preparation 
in  ethyl  alcohol.  Surprisingly,  the  sodium  and  the  potassium  salts  of  PABA, 
in  ethyl  and  methyl  alcohol,  were  found  to  be  ineffective;  the  applied  film 
of  these  salts  was  easily  washed  off.  Para-aminosalicylic  acid  (PAS)  so  far 
has  not  been  reported  to  be  a  useful  sunscreening  agent.  We,  nowever,  found 
it  to  be  very  effective.  Indeed,  if  it  did  not  have  the  disadvantage  of  stag¬ 
ing  the  garments,  we  would  strongly  recommend  it  as  an  additional  sunscreening 
apent,  better  than  many  of  the  commercial  preparations  that  are  available. 

Since  topical  preparation  has  this  disadvantage,  the  effectiveness  of  PAS  as 
an  orally  administered  sunscreening  agent  is  highly  recommended  in  future 
investigations.  The  toxicity  and  pharmacology  of  PAS  is  well  known  and  it 
would  be  certainly  worthwhile  to  explore  the  effectiveness  of  PAo  as  an  oral 

sunscreen  agent. 

MAP  preparation  was  further  investigated.  The  effect  of  pHi  The  effect 
of  varying  the  pH  of  MAP  solution  was  tested.  MAP  solution  of  pH  4.5- 
6,0,  7.0,  8.0  and  10  were  tested.  Acidic  'solutions  (pH  b.54i.8)  of  MAP  were 

found  to  be  most  effective. 

The  duration  of  the  protective  effect:  If  MAP  preparation  had  a  real 
affinity  to  remain  either"  partially  adsorbed  or  chemically  conjugated,  it  was 
essential  to  know  how  long  a  single  application  of  MAP  would  afford  protection 
under  normal  daily  activities  of  any  individual.  Ten  female  volunteers  were 
used  to  evaluate  this  question.  MAP  solution  was  applied  once  on  the  2/3 
region  of  the  back.  A  control  area  (untreated)  was  also  included  to  evaluate 
the  response  of  the  untreated  skin  to  varying  doses  of  ultraviolet  radiation, 
and  also  to  determine  the  minimal  erythema  dose  (MED)  of  the  individual.  In 
most  of  the  subjects,  the  MED  ranged  between  15  and  20  seconds  ' (2U  hour  response) . 
Subjects  were  then  exposed  daily  for  U  days  to  60,  90,  120,  180,  2^0  and  3 
seconds  of  ultraviolet  radiation.  The  subjects  were  requested  to  avoid  any 
shower  or  bath,  during  the  h  day  test  period.  The  natural  perspiration  and 
the  frictional  contact  of  the  skin  with  the  clothes  were  the  only  factors  that 
were  likely  to  remove  the  photoprotective  agent  di  ‘ing  this  period.  All  subjects 
showed  100£  protection  in  all  exposed  areas  for  the  first  day.  At  U8  hours 
after  application,  all  the  volunteers  showed  excellent  protection  against  60, 

90  '  120  and  180  seconds  of  ultraviolet  radiation.  At  72  hours,  very  satisfactory 
protection  was  observed  up  to  120  seconds  of  ultraviolet  radiation  and  only 
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partial  protection  was  detectable  for  100  and  2i|0  seconds  of  ultraviolet 
radiation#  At  96  hours,  the  MAP  treated  skin  began  to  show  the  loss  of  the 
protective  film  and  the  intensity  of  erythema  in  the  MAP  treated  areas 
receiving  120,  180,  2li0  and  300  seconds  of  ultraviolet  radiation  was  approxi¬ 
mately  the  same  as  observed  in  the  control  (untreated)  area*  By  the  end  of 
120  hour3,  the  subjects  were  no  longer  exhibiting  any  photoprotective  action 
of  MAP  that  had  been  applied  5  days  earlier.  These  observations  led  us  to 
conclude  that  the  preparation  MAP  had  undoubtedly  a  real  affinity  to  combine 
with  the  horny  layer.  Most  of  the  commercial  preparations  in  our  experience, 
were  found  to  be  ineffective  within  2k  hours  after  a  single  application. 

They  do  not  exhibit  this  property  of  prolonged  protection* 


In  vitro  and  in  vivo  experiments  to  demonstrate  chemical  conjugation  of  para- 
amlnobenzoic  acid  to  the  homy  l^ri  - — - — ^ 


Introduction 


The  existence  of  disulfide  bonds  in  the  keratin  of  the  horny  layer  is  wall 
known.  Briefly,  the  principle  involved  is  to  reduce  the  disulfide  bonds  of  the 
stratum  corn eum  and  promote  binding  under  physiologic  conditions  with  a  suitable 
light  absorbing  agent.  This  reaction  can  be  described  as  follows t 
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R'  -  NHgj  the  exogenously  applied  material  will  have  the  following  property* 

a)  it  will  not  easily  dissociate  from  the  chemical  bonds  established 
with  the  keratin.  In  other  words,  it  will  have  greater  substantivity 

to  remain  on  the  homy  layer  and  provide  a  stable  light  absorbing  mantle 
on  the  surface  of  the  skin. 

b)  it  will  remain  on  the  skin  surface  under  varied  conditions  associated 
with  diverse  activities  in  warm  and  sunny  environment. 

c)  it  will  effectively  absorb  the  erythema  producing  wavelengths. 

d)  it  will  be  non- toxic,  i.e.  free  from  primary  effects  of  contact 
sensitization. 

e)  it  will  possess  physical  properties  which  are  acceptable  to  the 
consumer{ e.g.  odor,  color,  staining  property  etc.) 

f)  it  will  not  be  photolabile  and  will  not  dissociate  in  the  presence  of 
moisture,  perspiration  and  immersion  in  water. 


In  vitro  experiments:  Isolated  pieces  of  homy  layer  (approximately  1  inch  in 
diameter)  were  obtained  from  fair-skinned  Caucasian  subjects  by  applying 
cantharidine  solution.  Specimens  were  dried  overnight  in  desiccators  con¬ 
taining  anhydrous  calcium  sulfate  or  activated  alumina.  Dried  pieces  of 
homy  layer  were  sandwiched  between  two  aluminum  rings,  especially  designed 
for  obtaining  light  transmission  spectra.  The  samples  ware  placed  in  front 
of  phototubes  in  a  prefixed  position  and  maximum  care  was  taken  to  avoid 
any  scattering  of  the  transmitted  light  that  was  impinging  on  the  phototube. 
The  light  transmission  spectra  of  the  dried  specimens  were  obtained  before 
and  after  any  specific  treatment  discussed  below.  In  addition,  specimens 
of  white  Caucasian  skin  from  the  umbilical  region  were  obtained  at  autopsy 
within  U-6  hours  after  death.  Pieces  of  epidermis  in  fairly  large  sizes 
(ip1  x  2")  were  obtained  by  heat  separation  (by  immersing  the  skin  in  warm 
water  at  60°C  for  approximately  US  seconds).  The  outer  side  of  the  homy 
layer,  as  well  as  of  the  epidermis,  was  subjected  only  to  chemical  treat¬ 
ments.  The  inner  side  remained  untreated  except  when  subjected  to  repeated 
rinsing  in  water.  Initially,  pre-treatment  of  homy  layer  with  thioglycolic 
acid  (TGA),  or  Lilt,  a  commercial  product  that  also  contains  TGA,  was  attempt¬ 
ed  with  a  hope  that  the  -S-S-  linkages  in  the  keratin  molecule  of  the  horny 
layer  would  be  reduced  and  the  SH-  groups  made  available  for  chemical 
conjugation  of  light  absorbing  molecules  such  as  para-aminobenzoic  acid  and 
other  salts  of  PARA.  To  evaluate  the  effects  of  any  pretreatments  with  chem¬ 
ical  agents  on  the  light  transmission  properties  of  human  epidermis,  control 
runs  were  always  concurrently  carried  out.  Specimens  of  epidermis  as  well  as 
homy  layer  were  allowed  to  react  with  orthc^— meta— ,  and  para— substituted  amino 
derivatives  of  benzoic  acid.  Sodium  and  potassium  salts  of  PABA  were  also 
studied  for  their  chemical  conjugating  affinity  with  the  skin. 


// 


Light  transmission  curves  of  human  epidermis  before  and  alter 
treatment  with  Lilt*  and  PA  BA  solution. 
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arc  and  after  treatment  with  i%  MAP  in  methanol. 
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^h6  ?axiinum  ^sorption  of  PABA,  as  well  as  other  derivatives  of 
PAHA,  lies  in  range  of  250-310  mp.,  advantage  was  taken  of  this  light 

band1t0  assess  the  chemical  binding  of  PABA  and  its  derivatives 
PA  tH  +J°rnu  layer*  Attempts  to  estimate  the  exact  quantity  of  bound 
be^J^r  c°lori,netric  or  by  titrimetric  methods  were  unrewarding 
m  l  ?!th°dS  W6re  not  efficiently  sensitive  to  detect  the  micro 

the_bound  PABA-  However,  the  chemical  conjugation  of  PAHA, 
with  the  horny  layer  was  established  by  the  following  criteria: 

a.  Ety"  repeated  washings  in  distilled  water.  Free  PABA  is  easily 

fr°m  tho  surface  of  th8  sk:Ln  by  rinsing  the  samples  in 
distilied  water.  Chemically  conjugated  PABA  can  then  be  detected 

thG  increased  ultraviolet  light  absorption  in  the 
oU-jlO  mp,  range. 

b*  H?°Unu  rAuA|  C^not  be  ramoved  easily  by  extraction  with  ether  at 
acidic  pH  (pH  U.O,  approximately  the  isoelectric  point  of  free  PABA) 
except  after  acid  or  alkaline  hydrolysis. 

c.  Jha  chemically  conjugated  PABA  that  is  not  removed  from  the  surface 

l3yer  aft6r  rePeated  washings  in  H20,  can  be  removed  by 
treating  these  specimens  with  alkaline  or  acidic  solutions.  The 

hv°«tnL?f  !“8i9  removes  the  bound  PABA.  This  is  ascertained 

co™u?bcfo^9a^S»)t  aJ|S?S1Sl0n  spectra  0f  hu"“  8Pld8™is  or  stratum 
comeum  before  and  after  hydrolysis  In  alkaline  or  acidic  solutions. 

d.  In  addition,  it  is  well  known  that  the  PABA  solution  has  a  higher 
extinction-coefficient  in  basic  solution  than  in  the  acid  solution.  In 

abMroUoneiir?io8ilnti0n  ^  H2°  °r  ln  Na01t  PABA  “hibits  a  strong 
»  1  5  37  'r“  rane°>  «th  a  broad  absorption  maximum  in 

maximum  S  IZ?'  InaPldic  pH  (1,-P)>  the  Position  of  the  absorption 
1-  fm  ?e"aenoid  oompounds  having  ionizing 

Kftcftlf 2f Jh.  2  absorption  above  290  mp.  is  diminished 

signiiieantiy  ana  the  absorption  maximum  appears  at  265-26?  mu  Ru- 

one  clgh‘  trans”is!lon  spectra  o/Lan  epideLis  ilTthest 
manners,  one  can  assess  the  nature  of  PABA  binding. 

^rneuT^pteLS  tiS  SKf£  °f  TV =Pld«rmis  and  stratum 

homv  laver  tm  «  ^uatrate  that  PABA  can  conjugate  chemically  with  the 

It  was  not  ^bse^ved  Stheo^ho-WaoSr°meJr^b^^  aiCoholic  solution  of  pABA. 
benzoic  acid.  Initially  th. J 2 ^  T  acld  d8rivatives  of 

lUutt«;2dPS  I  ^  ffr  f0r  ChM,iCal  POPJasation  of  PABA.  As 

homy  layer.  Thif pretreatmenfwi thThf”?*  *!?*  PARA  ls  combinlnE  "1th  the 
not  absolutely  2ltt2r  it  2  H  i0?3?™110  acld  "as  however,  found  to  be 
para  o+m  y  ess®ntial*  In  absence  of  this  treatment  with  thioplvcolic  acid 

V Uft“  S- tha  h0ri,y  layer-  This  ia  mostratfd  it  ngures' 

ethanolic  Elution.  Thif  t&ttl  h°r"y  “3S  n’°St  8fr8ctivfin 

in  methenol.  propenol  n  !  S  was  lesE  "h00  PABA  wa8  dissolved 

the  sodium  L>d  pLssiuf  sStfof  MM  ™  f  a\Coho1  (Fleure  X)>  Nsith8r 
specific  chemical  Mnftg  mh  fj ££,y llyTr.  r8VealS 


This  chemical  conjugation  of  PABA  is  also  Inhibited  by  the  presence  oi 
emollients.  For  example,  addition  of  1%  (w/v)  of  cetyl  alcohol  in  1-5% 

PABA  solution,  significantly  minimizes  the  affinity  of  PABA  to  bind  with 
the  horny  layer.  No  residual  PABA  was  left  conjugated  with  the  homy 
layer  after  the  treated  specimens  ware  subjected  to  one  or  two  washings 
in  water,  likewise,  the  presence  of  3%  lanolin,  h%  isopropyl  myristate 
in  alcoholic  solution  of  PABA,  significantly  retarded  the  binding  of  PABA 
to  the  stratum  comeum. 

These  experiments  also  gave  us  one  additional  piece  of  information.  The 
pretreatment  of  homy  layer  with  thioglycolic  acid  is  not  essential  for 
promoting  the  conjugation  of  PABA.  PABA  ih  ethanol  solution  alone  is  able 
to  conjugate  with  the  horny  layer. 

The  data  presented  in  figures  1-10  represent  a  few  illustrative  examples. 
Additional  studies  with  a  number  of  other  chemical  agents  (e.g.  hydro- 
quinona,  2-hydroxy-l,lj-naphthoquinone,  psoralens  or  furocoumarins  e.g. 
psoralen,  8-  trimethyl  psoralen  and  8-methoxy  psorelanj  and  other 

light  absorbing  molecules  such  as  benzophenone  and  several  of  its 
derivatives),  were  carried  out  to  understand  the  nature  of  promoting  chemical 
binding  of  compounds  with  the  homy  layer.  It  was  apparent  that  under 
physiological  conditions  it  is  very  difficult  to  promote  chemical  conjugation 
of  chemical  agents  with  the  horny  layer.  In  most  instances  our  attempts  to 
promote  binding  of  chemical  agents  with  the  horny  layer  were  unrewarding. 
However,  compounds  such  as  2 -hydroxy-1,  ii-naphthoquinonej  5-hydroxy-l,lj-naphtho- 
quinone,  and  1,2-benzenediol  (pyro catechol)  can  be  conjugated  with  the  homy 
layer.  This  binding  is  facilitated  in  the  acidic  range  (pH  5-6)*  2-hydroxy-l, 
h-naphthoquinone  and  $-hydroxy-l,U-naphthoquinone  give  an  orange  red  color  to 
the  homy  layer.  These  agents  can  firmly  conjugate  with  the  stratum  comeum 
and  are  net  removed  by  repeated  washings  in  water.  However,  they  are  not  able 
to  afford  any  protection  against  sunburn  radiation.  The  transmission  curves  of 
the  epidermis  in  290-310  mp  range  before  and  after  treatment  with  these  two 
naphthoquinone  derivatives  were  practically  identical.  The  treated  epidermis 
specimens,  however,  showed  increased  absorption  of  light  in  the  320-500  mp  wave¬ 
length  range. 

Except  for  dihydroxy  acetone,  which  presumably  combines  with  the  histidine  of 
the  keratin,  these  other  agents  do  not  seem  to  protect  individuals  against  sun¬ 
burn  radiation.  The  color  produced  by  binding  2-hydroxy-l, ij-naphthoquinone  to 
the  stratum  comeum  is  quite  stable  for  the  first  5  to  7  days  when  applied  to 
the  back  skin  areas  of  the  individuals  and  is  retained  under  conditions  of 
washing  with  water  and  soap.  The  color  of  the  naphthoquinone  however,  gradually 
fades  away  after  repeated  daily  washings.  This  fading  is  related  to  the  normal 
desquamation  of  the  horny  cells  and  also  to  the  hydrolytic  action  of  soap  and 
water  washings.  The  hue  or  the  color  that  develops  on  the  stratum  comeum  after 
application  of  these  naphthoquino  and  dihydroxyacetone  solutions,  although  not 
natural,  may  have  some  practical  clinicatfusefulness.  One  such  use  should  be 
explored  in  masking  the  color  of  the  hypopigmented  macules  of  the  patients  with 
vitiligo. 

The  data  in  this  section  allow  us  to  speculate  how  and  why  the  preparation 
NAP  appears  to  be  most  effective  in  protecting  skin  against  solar  radiation. 
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hTII0"  aff°rdS  prot8cti°"  in  t»  or  three  ways  when 
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2b  and  hQ  hours  after  Vo?  Pr°longed  protective  effect  observed  at 

any  conjugating  wi^hlhe’ho^y"^^  ^  PABA  U  Mo' 

We  postulate  that  PABA  is  conWa+«d  tn  tko  u 

^nino  group.  This  eonluLSd  ff™  J  layer  through  its 

reactions.  It  is  aJso  possible  ^afthf^T  ^  liherated  *  hydrolytic 
to  an  acidic  polypeptide  of  the  carhoxyl  group  of  PABA  is  bound 

aryl  amino  grSup^s  free.  present  in  the  hor^  la^ 

Our  efforts  to  promote  chemical  binding  of  MAP  nr  map  /no  +  iL 
corneum  with  a  hope  that  a  single  aoDlioatinn  nr  to  thfJ  3trati:im 

tem  protection  (at  least  for  fperiod  of 5-7  “D”ld  afford  *  l°"g- 

ful.  The  problems  in  this  tvun  of  (j,,f  5  7  dT  ^  ”er6’  ll01«vtr,  unsuccess- 
one  has  to  bear  in  mind  thaXs ^ 
pursued  under  physiological  rnnHit^o  anneal  conjugation  has  to  be 

chemical  conjugation  of  ?£  ho^y layer  Cith  "g  Ski"'  Sec°ndlp>  thp 
a  stable  type,  not  easily  dissociated  with  +  hth?  ®xopnous  agant  has  to  be 
soap  and  alkali.  Thirdly  the  homv  n  n  tbe  hjrdro lytic  action  of  water, 
shed.  Therefore,  a  pendent  film  If  C03stantly  desquamated  and 

conjugated  with  the  homy  cells  aDDsar^h  bE,°.r.bi1nS  molecules  chemically 
results  obtained  with  Z  in vitmTwen Vtt ^  NeVOr  the  le3C'  tbo 
preparation  MAP  or  MAP  (dFT tends^to  rs  L  !  —jll3  studies  reveal,  that 

swimming  and  profuse  perspiration  and  affords  paniafif^T  aft6f  bathin^ 
protection,  floras  partial  if  not  complete 


The  Approach  to  the  Problem  of  Sunburn  (continue 1 


Phase  II i  Clinical  Trials 

After  assuring  ourselves  that  MAP  was  most  effective  in  inhibiting  the 
schema  elicited  by  ultraviolet  radiation  from  artificial  Ugirt  sourcfs  „e 
pH?ert0°m1k  cubical  trials.  Three  were  carried  out  at  the  Arizona  State 
rison,  Florence,  Arizona  and  the  fourth  was  conducted  by  Dr.  Edgar  Prank  on 
the  snow  covered  Swiss  Alps.  Dr.  Frank  had  obtained  necessary  knowledge  Md 

W6rarno«ncerArizontrat6d  ln  thC  fir8t  Cli"i8al  trtal  <* W 
final^product^s^evaluate^unde^natural^outdoor^onditions^ha^siij^late*10 

normal  usage.  This  experience  has  been  of  great  value  fo!  us  W  h  1  L 

bUtymoS+aibllShhd  9fficacy  of  the  test  Products  under  varied  conditions 
but  most  important,  we  have  gained  fundamental  knowledge  in  the  field  of  ’ 

cutaneous  photobiology  and  melanogenesis.  Prom  the  microscopic  oblations 

at  the  tissue  level  to  the  cellular  alterations  at  the  microscopic  and  electron 

\/0S£°pic  wa  have  galrad  insight  into  the  process  of  sSnbum  and  sun- 

objectives,  the  protocol  for  each  experiment,  the  results ^d  L 
conclusions  are  presented  separately  for  each  clinical  trial. 

^°r,the  Ration,  by  visual  inspection  and  measurement  of  skin 
^■?T*tema  induoedjy^olar  fegigon  or  by  ultrayi^tT^ 
Srlontrnl^  Cial  sou^  Thre  degreT-SF^thema  in  each  test  and 

»  -  a  heirs' ^r'SXuorS  IVTrZZT^  eYalUat8d  b8tM88“ 

1#  J*  ™“s  °f  a  Phot°-elsctric  reflectance  meter  (Model  610,  Photo 

fm„?TraU°"!  N6“  r°rk)’  'Wlwea  with  a  green  tJutlLs 

fnthl  ^°Se  "aJQ-w'  transmittance  was  betwssn  555  and  550  mu,  i.e. 

tion  the  ranLt?^  of  hemoglobin.  Vttth  the  increased  vaUdlU- 

tion^r  f  reflectivity  of  the  skin  decreases  because  of  the  increased  absoro- 

att«Hoi«h6  impi!?ging  ]^ht  by  hemoglobin  present  in  the  dilated  and  duiaged 
arterioles,  venules  and  capillaries.  With  the  filter  +C. 

of  pure  white  magnesium  carbonate  was  used  to  calibrate  loot  ?efw/  bl°Ck 
readings.  Per  cent  reflectance  reading,  we™ 

for^eact^exposed^site  ^ 

reflectance  readings  from  control  sites  (u^ewoSed  sit^f*™n!,A 
readings  from  irradiated  test  sites  shows  the  degree  of  eiythemal  re^onse. 


The  Approach  to  the  Problem  of  3mih„r-n  (continued) 


2 . 


inspection  Criteri.°.n/or  the  Ration  of  erythema  was 
inthpfn?!  arbitrary  scale  ranging  from  0  to  4h++ 
in  the  following  wav: 


by  visual 
was  assigned 


a)  0 . . . 

b)  +... 

c)  +... 

d)  ++.. 

G )  +++ , 

f)  +  4+  + 


No  detectable  redness  or  erythema 

fcareley  perceptible  er,ythema  detected 
by  blanching  of  the  skin 


Pink  erythema,  definite  but  weak 
Red  erythema,  moderate  sunburn 


Violaceous,  red  erythema, 


strong  sunburn 


Deep  red  erythema  with  edema,  marked 
tenderness  of  skin  and/or  vesicuiali 
very  strong  sunburn 


onj 


Before  investigators. 

foimd^to^oinplicate  ******  response  (IFD)  was 

-"dor  an  IPD  response  were  e.liSo/indirerlv/  ’««•««»•  reading, 
response  in  the  MAP  treated  exnosed  skin  that /JV"r™a,a)?  *’a**  IP° 


ARIZONA  STATE  PRISON  CLINICAL  TRIAL 
APRIL  1966 


The  first  clinical  trial  at  the  Arizona  State  Prison  was  carried  out  in 
the  last  week  of  April,  1966.  The  following  preparations  were  evaluated: 

1.  $%  MAP 

2.  22  commercially  available  sunscreen  preparations. 

3.  Preparation  described  by  Fusaro,  Runge  &  Watson  (Arch.  Derm.  93:106,  1966). 

In  this  clinical  trial,  the  above  listed  preparations  were  evaluated  under  five 
different  conditions: 

1.  Evaluate  the  degree  of  protection  after  a  single  application  of  the 
test  preparations  on  backs  and  legs  without  subjecting  the  volunteers 

to  any  activity,  except  lying  in  the  prone  position  during  sun  exposure. 

2.  After  a  single  application  of  the  test  preparations,  remove  the  applied 
products  either  by  manual  washing  by  applying  water  soaked  cotton 
gauzes  or  asking  the  volunteers  to  take  a  shower,, 

3.  Evaluate  the  degree  of  protection  after  a  single  application  of  the 
test  preparations  and  subjecting  the  volunteers  to  a  schedule  of 
heavy"  exercise  that  results  in  profuse  sweating  under  dry  and  hot 
weather  conditions. 

I4,  Evaluate  the  degree  of  protection  after  10,  Vy  and  20  minutes  of 
swimming. 

5.  Evaluate  the  protective  effect  of  MAP  under  normal  conditions  of  use 
(e.g.  walking  and  running  around  in  the  sun,  lying  on  the  back  and 
prone  nosition,  and  sitting  in  the  sun)  under  veiy  humid  conditions. 

Experiment  //  1  was  designed  to  demonstrate  the  prolonged  protective  effect  of 
HAP  against  solar  radiation  on  subjects  who  can  easily  sunburn. 

Experiment  //  2  was  designed  to  compare  preparation  MAP  against  several  commerc¬ 
ial  preparations.  The  primary  objective  was  to  ascertain  the  affinity  of  MAP 
and  other  commercial  produc  s  to  remain  on  the  horny  layer  after  washing  with 
water. 

Experiment  //  3  was  designed  to  compare  the  efficacy  of  MAP  with  several  commer¬ 
cially  available  products  after  subjecting  the  volunteers  to  a  schedule  of 
exercise  under  hot  and  dry  weather  conditions.  The  principal  objective  was 
to  ascertain  whether  the  applied  test  preparations  can  remain  on  the  horny 
layer  after  sweating  is  induced  and  the  skin  comes  in  frictional  contact  with 
the  clothes. 


Experiment  £  h  was  designed  to  compare  MAP  against  Skolex,  UVAL  and  RVP 
(commercial  products)  under  normal  conditions  of  usage. 

jPgserimen t  //  $  was  designed  to  ascertain  the  effect  of  swimming  in  fresh 
water  on  sunburn-protecting  properties  of  MAP. 

gxperiment  6  was  designed  to  compare  MAP  against  a  sunscreen  preparation 
described  by  Fusaro,  Runge  and  Watson  (Arch.  Dermatology,  93j106,  1966). 


Comments  1:  Conclusions: 


1.  .'IAP,  the  sunscreen  preparation  formulated  in  our  laboratory,  is  not 
only  more  effective  than  any  commercially  available  product,  but 
also  the  best  that  can  be  recommended  to  protect  against  sunburn 
radiation. 

2.  After  a  single  application  and  without  washing  with  water,  most  of 
the  20  leading  commercial  preparations  were  found  to  be  either  very 
poor  in  affording  protection  greater  than  60  minutes  of  exposure 

to  sunlight  or  not  as  effective  as  MAP.  At  best,  the  commercial 
preparations  afforded  protection  against  |radiationi sunburn  for  a 
period  of  60  minutes.  - 

3.  MAP  on  the  other  hand,  under  similar  conditions,  was  found  to  exert 
100>)  protection  up  to  i;  hours  of  sun  exposure. 

It.  When  volunteers  were  subjected  to  sweating  as  a  result  of  moderate 
to  heavy  exercise  (calesthenics,  running,  playing  basketball,  etc.), 
e  20  sunscreen  preparations  that  were  obtained  commercially  were 
found  to  be  washed  off  and  afforded  a]jnost  no  protection  even  for 
short  periods  of  exposure  ranging  from  30,  60  and  120  minutes. 

I-jAP,  however,  was  found  to  protect  100;?  up  to  2  hours  sun  exposure, 
and  over  75;°  protection  (barely  detectable  erythema)  after  2  hours 
of  sun  exposure.  In  fact,  in  all  but  the  easy  burning  fair-skinned 
individuals,  MAP  afforded  complete  protection  up  to  hours  of  sun 
exposure . 


When  the  volunteers  wore  subjected  to  a  schedule  of  1#  and  30  minutes 
swimming,  following  an  application  of  1AP  or  other  known  sunscreen 
preparations,  and  then  exposed  to  solar  radiation  for  a  period  ranging 
rom  15  minutes  to  2  hours,  all  of  the  commercial  preparations  were 
ound  to  be  washed  off  and  afforded  practically  no  protection.  MAP, 
on  uhe  other  hand,  gave  a  complete  protection  to  most  of  the  subjects 
icr  a  60  minute  period.  The  two  hour  exposure  did  cause  mild  erythema 
which  was,  however,  devoid  of  any  tenderness  and  edema.  In  this 
experiment,  the  control  areas  that  were  not  treated  with  any  sunscreen 
oreoaration  were  markedly  tender,  edematous,  painful  and  remarkably 
erythematous.  The  data  obtained  in  this  study  suggest  that  as  a  result 
swimming,  the  molecules  of  MAP  that  were  applied  tooically  and  failed 
to  react  with  the  proteins  of  stratum  corneum,  mainly  the  keratins, 
were  washed  off.  There  were,  however,  enough  light  absorbing  MAP 


molecules  that  remained  either  adsorbed  or  bonded  chemically  that 
afforded  protection  to  the  skin  against  sunburn  radiation. 

A  single  application  of  MAP,  if  allowed  to  remain  on  the  back  of 
the  individual,  without  letting  the  subject  bathe,  will  protect 
for  at  least  a  period  of  U8  hours  (protection  up  to  12  to  15 
minimal  erythema  doses  which  would  roughly  be  equal  to  at  least 
3  hours  of  sun  exposure).  This  has  been  ascertained  by  irradiating 
t,aa  subjects  under  artificial  ultraviolet  light  sources  as  well  as 
tne  natural  sunlight.  After  a  period  of  1*8  hours,  the  subject 
remains  protected  up  to  96  hours,  however,  the  degree  of  protection 
diminishes  gradually  (protection  up  to  l*-6  MED  doses)  and" by  the  end 
of  120  hours,  the  subject  is  no  longer  exhibiting  any  protective 
action  of  MAP  that  was  applied  5  days  eariier. 


ARIZONA  STATE  PRISON  CLINICAL  TRIAL 


April  1966 


Experiment  1:  To  demonstrate  the  prolonged  protective  affect  of  MAP  against 
solar  radiation  on  subjects  who  can  easily  sunburn. 


Objective!  To  compare  the  protective  effect  of  MAP  and  a  leading 
commercially  available  sunscreen  preparation  Sea  &  Ski 
(S  &  S)  under  the  following  conditions: 

a)  Continuous  prone  position  of  the  subject  during 
irradiation, 

b)  Sun  exposure  1  to  1*  hours  (11  a,m,  to  3  p.m.) 

c)  No  exercise  and  sweating 

d)  No  swimming 

e)  Clear  hot  and  dry  day 

No,  of  Subjects:  2 

Protocol!  Back . (lower  2/3  region) 

Left  side,..l  application  of  MAP  r 
Right  side.,1  application  of  Sea  &  Ski 
Control . upper  1/3  back,  no  treatment 

Legs . popliteal  region,  1  application  of  MAP  on  both  legs. 

Untreated  control  area  was  also  improvised  on  each  leg. 

Schedule;  Tuesday,  April  26:  Left  leg  1  application  of  MAP 

Right  leg  1  "  of  S  &  S 


9:30  a,m.  Application  of  MAP  &  Sea  &  Ski  in  the  designated  areas 

10:00  -  10:30  a0m.  Lunch  (subjects  remain  indoors  without  shirt) 

11:00  a,m*  Backs  of  the  subjects  exposed  in  the  prone  position, 

MAP  treated  &  Sea  &  Ski  treated  areas  were  divided 
into  3  sections: 

Section  1 . .  1  hour  sun  exposure  11  a.m.  -  12:00  Noon 

Section  2  .........  2-1/2  hours  sun  n  11  a.m.  -  11p.m. 

Section  3  . .  1*  hours  sun  exposure  11  a.m.  -  3fcp.m. 


CONTROL  (untreated)  skin  received  1  hour  sun  exposure  11  a.m,  -  12:00  Noon 

Both  right  and  left  legs  received  2-1/2  hours  sun  exposure. 

Control  (untreated  areas)  on  each  leg  received  1  hour  sun  exposure. 

In  order  to  avoid  the  dangers  of  excessive  sunburn,  aubjscts  #1  &  2 
received  only  1  hour  sun  exposure  in  the  control  untreated  areas. 

Wednesday,  April  27: 

1.  2i*  hours  after  sun  exposure  the  degree  of  erythema  in  each  area  was 

evaluated  by 

a)  reflectance  readings 

b)  grading  of  visual  erythema 


i&qperiment  1;  (Continued) 


Results: 


Conclusions: 


2.  Photographs  ware  obtained 


Both  subjects  that  were  selected  for  this  experiment  were  fair 
skinned  freckled  individuals  who  could  easily  sunburn.  The  control 
untreated  areas  that  received  1  hour  sun  exposure  revealed  marked 
erythema  that  ranged  from  +++  to  ++++  intensity. 

The  Sea  &  Ski  treated  areas  revealed  no  protection  against  1,  2-1/2 
and  four  hours  sun  exposure.  All  these  areas  were  very  tender  and 
showed  marked  erythema.  MAP  treated  areas,  on  the  other  hand,  were 
remartably  protected.  There  was  no  evidence  of  perceptible  redness 
in  the  areas  receiving  1  &  2-1/2  hours  sun  exposure.  There  was  just 
a  barely  perceptible  redness  in  area  receiving  h  hours  sun  exposure. 


sun^osure!^  aff°rdS  C°mplete  pr0tection  UP  to  hours  of  continuous 

towards'the  Snd  ff  ^  “P08*"  Was  Arizona  desert 

ZZ  r  h!u  d  of*Vril>  ““l  realizing  that  the  minimal  erythema  dose 
(mD)  for  these  subjects  was  approximately  10  minutes  of  suTeZsure 

JS  sur^ce1 of thf sllT &Pplied  on^  once  anf left  on 
any  other  known  'dthout  ashing,  provides  more  protection  than 

IIVAT  *9  ,K  r  commercial  preparation  including  Coppertone.  Sea  &  Ski 
UVAL  &  Solbar  (see  results  of  196?  &  1968  Clinical  trill *  Whiff  f 
claimed  to  be  the  best.  iinicai  trials)  that  have  been 


ARIZONA  SPATE  PRISON  CLINICAL  TRIAL 

APRIL,  1966 


Experiment  2: 


Objective: 


Comparison  of  MAP  and  other  commercial  preparation* 

under  laboratory  conditions  using  hot  quartz  mercury  arc 
lamp.  - - — - — ■ 

1}  To  compare  the  efficacy  of  MAP  against  popular  commercial 
products. 

2)  To  ascertain  their  affinity  to  remain  on  the  horny  layer 
after  washing  with  water. 


Schedule: 


Number  of 
Volunteers: 


a)  A  single  application  of  the  product  on  the  back  in  1  5"  x 
1.  5"  area.  Several  products  could  thus  be  applied  on  the 
back  and  compared  against  control  (untreated)  sites  after 
ultraviolet  exposure. 

b)  After  application,  remove  the  applied  products  either  by 
washing  with  water  {manually  by  applying  water  soaked  cott  , 

gauzes)  or  asking  the  volunteers  to  take  a  shower  without  apni-  - 
ing  any  soap.  1  h 

c)  Expose  the  treated  and  the  untreated  control  sites  to  varying 
amounts  of  ultraviolet  radiation  (X290  -  400  mp). 

9,  sex:  female,  fair  skinned  Caucasian. 


Number  of 

products  screened:  22 


Results: 


Conclusions: 


The  results  are  tabulated  in  the  accompanying  tables.  It 
is  obvious  that  most  of  the  commercial  products  do  not  have 
any  affinity  to  remain  on  the  surface  of  the  horny  layer  after 
a  simple  procedure  of  washing  with  water.  These  products 
are  easily  eluted  from  the  horny  layer  and  do  not  provide  any 
protection.  Some  of  the  preparations  that  were  tested  without 
removing  the  applied  material  by  washing  with  water,  were 
ound  to  be  ineffective.  Contrary  to  this,  the  preparation  MAP 

V  Sjg":flcaf  and  e£feCtiVO  Pr°tection.  This  protection 
was  established  after  the  applied  preparation  was  removed  by 

Twlpt  8\  “  18  aPParnnt  tha‘  PABA,  the  active  ingredient 
f  MAP  has  a  definite  affinity  to  remain  on  the  horny  layer. 

A  single  application  of  MAP  provides  excellent  protection 
against  ultraviolet  radiation  (\<360  mp)  even  after  the  applied 
material  is  removed  by  washing  with  water.  One  can  statistic- 
a  ly  conclude  that  MAP  gives  considerably  more  and  in  fact 

orodni Tfh  fr°tOCl:i0n  £rom  stmburn  than  any  other  commercial 
product  that  was  tested. 


3V 


Experiment  2:  Comparison  of  HAP  and  other  Commercial  Preparations.  Light  Source :  Hot  Quartz  Hanovia  UV  Lamp 
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Experiment  2;  (continued) 
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Exoeriment  2:  (continued) 
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Sxperinent  2:  (continued) 
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1=bcperiiTient  2:  (continued) 
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Experiment  2:  (continued) 
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Experiment  3: 

Objective: 


Protocol: 


Sun  Exposure: 

Number  of 
Subjects: 

Results: 


ARIZONA  STATE  PRISON  CLINICAL  TRIAL 

APRIL,  1966 


Comparison  of  MAP  and  commercially  available  sunscreen 
preparations  under  conditions  of  exercise  accompanied  by 
sweating. 

Compare  the  efficacy  of  MAP  with  several  commercially 
available  sunscreen  preparations  under  the  following  conditions: 

a)  one  application  of  MAP  on  one  side  of  the  back  and  a 
commercial  preparation  on  the  other  side. 

b)  After  application  of  the  test  preparations  on  the  back, 
subject  the  volunteers  to  a  schedule  of  heavy  exercise  leading 
to  profuse  perspiration  under  dry  and  hot  weather  conditions. 

a)  Application  of  MAP  on  one  side  of  the  back 

b)  Application  of  commercial  preparation  on  the  other  side 

c)  Control  (untreated)  areas 

d)  Exercise  period:  30  minutes  whi.ch  included:  10  minutes 
running,  10  minutes  calisthenics,  and  10  minutes  volley¬ 
ball  throwing) 

e)  24  hours  after  sun  exposure,  the  exposed  areas  were 
evaluated  for  the  degree  of  erythema 

The  untreated  control  areas  and  the  areas  treated  with  the 
MAP  and  the  commercial  product,  were  exposed  for  1  and  2 
hours  to  solar  radiation  (11  a.  m.  to  1  p.m.)  on  a  clear  day, 
temperature  90-94°F). 

14 


Results  are  presented  in  Tables  3A  and  3B.  MAP  is 
significantly  better  than  the  other  commercially  available 
products  for  both  one  and  two  hour  sun  exposure  periods. 

The  probability  of  there  being  no  difference  between  various 
treatments  is  less  than  0.  01  in  all  cases. 

All  commercial  products  that  were  screened,  are  easily 
washed  away  or  eluted  from  the  surface  of  the  horny  layer  as 
a  result  of  profuse  perspiration  after  exercise.  In  many 
instances,  they  did  not  afford  protection  even  for  a  short 
period  of  one  hour  sun  exposure.  MAP  however,  was  found 
to  protect  100%  up  to  hours  sun  exposure  and  over  75% 
protection  (  barely  perceptible  erythema)  after  2  hours  sun 
exposure.  MAP  thus  appears  to  remain  adsorbed  and  partially 
bonded  to  the  horny  layer  and  therefore  has  afforded  a  complete 
protection  against  sunburn  radiation. 


V/ 


Table  3A:  Statistical  Interpretation 


MAP  is  significantly  better  than  Sea  and  Ski  with  probability >0.  99 
for  every  experimental  section:  one  and  two  hour  exposures  and  measure¬ 
ment  through  reflectance  readings  and  degrees  of  visible  redness. 

For  the  specific  parts  of  this  experiments: 

1  hour  exposure,  degree  of  visible  redness: 

MAP  is  significantly  better  than  Sea  and  Ski  by  at  least  1  unit  with 
probability  }0.  99. 

1  hour  exposure,  reflectance  difference: 

M.A,]p  is  significantly  better  than  Sea  and  Ski  by  at  least  8  units  with 
probability  }).  99;  by  at  least  9  units  with  probability}!).  95. 

2  hour  exposure,  degree  of  visible  redness: 

MAP  is  significantly  better  than  Sea  and  Ski  by  at  least  1  unit  with 
probabi  lity}0.99. 

2  hour  exposure,  reflectance  difference: 

MAP  is  significantly  better  than  Sea  and  Ski  by  at  least  2  units  with 
probability}!).  99;  by  at  least  4  units  with  probability^).  95. 


Table  3B:  Statistical  Interpretation 

map  is  Significantly  better  than  the  combination  of  other  treatments 
presented  in  experiment  3  for  both  one  and  two  hour  exposure  periods. 

The  probability  of  there  being  no  difference  between  treatments  is  less 
than  0.  05  in  all  cases  and  less  than  0.  01  in  all  cases  but  the  one  hour 
exposure  recorded  through  the  use  of  reflectance  differences. 

Specifically  for  the  separate  parts  of  experiment  3 

jhpur  exposure,  degree  of  visible  redness: 

AP  is  significantly  better  than  other  treatments  with  probability^ 0.  99. 

1  hour  exposure,  reflectance  difference: 

MAP  iE  significantly  better  than  the  other  treatments  with  probabiiity>0.  95. 

2  hour  exposure,  degree  of  visible  redness: 

map  is  significantly  better  by  at  least  one  unit  of  visible  redness 
measure  with  probability^.  99. 

2  hour  exposure,  reflectance  different- 

MAP  is  significantly  better  by  at  least  2  reflectance  difference  units 

with  probability^ 0.  99  and  significantly  better  by  at  least  4  units  with 
probability^ 0.  95. 
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Conclusions: 


Exposure  of  the  back  particularly  in  the  prone  position  for 
a  2  hour  period  on  a  dry,  hot  and  clear  day  in  the  desert, 
constitutes  a  very  heavy  dose  of  ultraviolet  light,  (violacious 
red  color)  erythema.  Many  subjects  developed  even  swelling, 
edema  and  blistering  reactions.  Against  this  intense  exposure, 
a  single  application  of  MAP  afforded  complete  protection 
when  the  subjects  were  exercised  for  30  minutes.  Other 
commercial  products  were  found  to  be  less  effective  or 
almost  ineffective  in  affording  protection. 


Experirient  3 ‘  Table  3A;  (continued) 


Sxperitrant  3?  Table  3A;  (continued) 


Experiment  3  s  Table  3B:  (continued) 


i 


c 

o 

•H 

P 

U 

0)  O 


°  8 


°  8  8 
H  H 


°  8  ° 


1 

© 

p 

O  1 

o 

cl 

® 

0> 

H 

V. 

<P 

© 

0 

©  ep 

O  <P 

C  «H 

'69. 

c3  a 

On  O 
H 


03  O  O 


* 

o  m 

H 


°  8  8 
f — i  i — i 


0)  J3  © 

P  -H  C 


h  W  t 
M'H  O 
>  ftJ 

n 


+  o  o 


+  # 
+  o 


cd 

V.  C 

®  P  O 
C  X  -H 

3  *’  d 

Vi  ©  © 


ftJ3  Vj 

o  ra  ft 

C3 


rt 

Vi  C 
©  P  0 
C  W  -H 
O  ®  P 
P  o 
Vi  ®  © 
©TOP 
ft.  cfl  0 

c 

o  w  o< 
o 


P 

o  f\ 

o'  r— 

•l~3  '•O 

£>  Pt 


Immediate  pigment  darkening 


Experiment  3:  Table  3Bi  (continued) 


Immediate  pigment  darkening 


ARIZONA  STATE  PRISON  CLINICAL  TRIAL 


Experiment  4: 
Objective: 


Number  of 
Subjects: 

Commercial 
Products  used: 

Results: 


Conclusions: 


APRIL,  1966 

Comparison  of  MAP  and  commercial  sunscreen  preparations 
under  normal  conditions  of  use. 

Under  normal  conditions  of  use  to  evaluate  the  potency  of 
MAP  against  the  best  known  and  widely  used  sunscreen 
preparations. 

The  normal  conditions  of  use  include: 

a)  1  application  of  MAP  on  one-half  the  body  (front  and  back) 
and  on  the  other  half  the  commercial  brand  leaving  a  control 
(untreated)  5"  x  5"  area  on  the  back  and  the  front. 

b)  Walking,  lying,  running  and  sitting  in  the  sun  without 
swimming. 

c)  Long  sun  exposure:  (4  hours) 
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Skolex,  UVAL  and  RVP 


After  a  single  application  and  sun  exposure  ranging  from 
3  1/2-4  hours,  MAP  was  found  to  be  significantly  better 
than  the  commercial  products  used  in  this  experiment. 

For  statistical  analysis,  the  sunburn  response  observed  with 
each  commercial  product  was  grouped  together  as  "combination 
of  other  treatments"  and  compared  against  the  response  observe 
in  the  MAPtreatedarea.  It  should  not  be  concluded  that  MAP 
is  significantly  better  than  each  of  the  other  treatments, 
but  the  data  are  analyzed  in  a  manner  to  indicate  that  MAP 
is  better  than  the  "combination  of  other  treatments". 

Using  the  degree  of  visible  redness  as  a  measure,  MAP  was 
found  to  be  better  than  the  "other  treatmenfs'by  at  least  one 
unit  with  probability  greater  than  0.  99 

Using  the  skin  reflectance  difference  as  a  measure  for  the 
degree  of  protection,  MAP  was  found  to  be  significantly 
better  than  the  "combination  of  other  treatments"  by  at  least 
three  units  with  probability  greater  than  0.  99. 

After  a  single  application  and  under  normal  conditions  of 
use,  MAP  was  found  to  be  significantly  better  than  several 
commercial  products  used  in  this  experiment  with  a  probability 
greater  than  0.  99 


EXPERT  MEMT  Ut  Comparison  of  MAP  and  Commarcial  Preparations  under  Norroa^.  Conditions  of  use. 

_(Long  exposure,  no  exercise,  no  swimming,  just  walking  around  the  beach  in  the 
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EXPERIMENT  It*  (Continued) 
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EXPERIMENT  Ut  (Continued) 
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ARIZONA  STATE  PRISON  CLINICAL  TRIAL,  APRIL  1966 


EXPERIMENT  5:  Effect  of  swimming  in  fresh  water  on  sunburn-protecting 

properties  of  MAP. 


Objective  : 


Under  normal  conditions  of  use  including  swimming,  determine 
whether  a  single  application  of  MAP  affords  satisfactory  protection 
against  sunburn  radiation.  The  primary  object  was  to  ascertain 
whether  the  applied  MAP  preparation  was  completely  removed 
from  the  surface  of  the  horny  layer  or  was  partially  binding  with 
the  horny  layer. 


Protocol:  This  experiment  was  carried  out  on  9  female  volunteers  (fair 

skinned  Caucasians).  MAP  was  applied  only  on  the  backs  of  the 
volunteers  (either  on  left  or  right  side).  Adjacent  untreated  skin 
areas  served  as  controls.  Subjects  were  exposed  to  ultraviolet 
radiation  from  a  hot  quartz  mercury  arc  lamp  emitting  radiation 
primarily  of  257,  297,  and  365  mp  wavelengths.  The  exposure 
period  ranged  from  60  seconds  to  240  seconds.  (The  minimal 
erythema  dose  for  these  9  volunteers  ranged  between  15  and  20 
seconds  under  our  experimental  conditions). 

The  sunscreen  preparation  was  applied  between  9-11  a.  m.  The 
volunteers  were  then  allowed  to  wear  usual  working  clothes  and 
asked  to  return  to  their  jobs  until  5  p.  m.  In  the  evening,  they 
were  taken  to  an  indoor  swimming  pool  and  instructed  to  remain 
in  the  water  and  swim  for  varying  periods  ranging  from  10  minutes 
to  20  minutes.  After  swimming,  the  volunteers  wore  everyday 
clothes  and  returned  to  laboratory  for  irradiation  of  the  back. 
Thus,  the  applied  test  preparation  was  subjected  to  at  least  two 
processes  of  removal:  1)  the  frictional  contact  with  the  clothes 
and,  2)  the  effect  of  swimming. 


Results:  The  data  concerning  this  experiment  are  tabulated  in  the  accompany¬ 

ing  table.  We  find  that  a  single  application  of  MAP  affords  a 
significant  protection  to  the  skin  against  sunburn  radiation  under 
experimental  conditions  that  can  easily  wash  off  the  sunscreen 
preparation  if  the  preparation  MAP  were  not  partially  binding  with 
the  horny  layer.  The  preparation  MAP  thus  has  a  unique  property 
to  remain  either  adsorbed  or  conjugated  chemically  to  the  skin  and 
afford  protection  against  sunburn  radiation.  This  protection  against 
artificial  ultraviolet  light  source  is  roughly  equivalent  to  60-90 
minutes  of  sun  exposure. 


Experiment  5 :  (continued) 


Experiment  (continued) 
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Experiment  6: 


Comparison  of  MAP  and  a  sunscreen 
by  Fusaro,  Runge"  and  Watson. 


preparation  described 


Note: 


Objective: 


Number  of 
Subjects: 


Protocol: 


In  this  experiment,  the  preparation  described  by  Fusaro 
et  al  (Arch.  Dermatology  93:106,  1966)  will  be  referred  to 
as  Runge  Preparation.  Runge  preparation  consists  of  a 
combination  of  dihydroxy  acetone  (DHA)  and  Lawsone  (  2- 
hydroxy-1,  4- naphthoquinone).  The  final  concentration  of 
dihydroxy  acetone  was  3%  and  of  Lawsone  was  0. 13%. 

To  compare  the  sun  protective  efficacy  of  MAP  and  Runge 
preparation.  6 


4.  This  group  of  subjects  was  divided  into  two  groups- 
Group  6A:  2  subjects  and  Group  6B:  2  subjects. 

With  a  masking  tape,  the  back  of  each  volunteer  was 
partitioned  into  four  equal  size  parts.  The  test  prepar 
were  applied  as  follows: 

Group  6A:  Runge  prep 
MAP  prep 


Control 
3%  DHA 


Group  6B:  DHA  Control 

Runge  prep  MAP  prep 

Group  6A:  2  subjects,  received  6  applications,  14-20  hours 
before  the  test.  The  mixture  of  Lawsone  and  DHA  as  described 
by  Fusaro  et  al,  was  applied  each  hour  for  six  hours. 
Preparation  MAP  and  3%  DHA  solution  were  also  applied  in 
separate  quadrants  at  each  hour  for  six  hours.  Next  morning, 
the  subjects  were  asked  to  swim  for  30  minutes.  After  swim¬ 
ming,  they  were  exposed  to  solar  radiation  between  12  noon 
and  2  p.m,  (i  and  2  hours  of  sun  exposure). 


r°^p  6B:  1  application  of  Runge  preparation,  3%  DHA  and 
MAP  preparation  1  hour  prior  to  sun  exposure.  The  subjects 
were  exposed  for  1  1/2  and  3  hours  to  solar  radiation  between 
noon  and  3  p.m.  The  applied  preparations  were  not  washed 
or  rubbed  off  the  horny  layer.  The  subjects  did  not  carry  out 
any  swimming  schedule. 


Comments: 


The  Runge  preparation  described  by  Fusaro  et  al  was  found 
to  be  less  effective  than  MAP.  The  preparation  and  the  method 
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°t  application  proposed  by  these  investigations  leave  a 
color  on  the  skin  that  is  not  very  appealing  and  desirable. 
This  preparation  undoubtedly  imparts  partial  projection 
to  the  subjects  against  solar  radiation.  However,  our  data 
reveal  that  the  protection  afforded  is  primarily  due  to 
dihydroxy  acetone  (DHA)  that  combines  with  the  amino  acids 
of  keratin  (most  probably  the  histidine)  in  the  horny  layer. 
MAP,  on  the  contrary,  a  colorless  preparation,  was  indeed 
found  to  be  better  than  the  Runge  preparation. 


as  of  Erythema  after  2k  Hours 


Rungs 
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Introduction:  The  second  clinical  trial  at  the  Arizona  State  Prison 

was  carried  out  between  September  15  and  23,  1967. 

The  Following  preparations  were  evaluated: 

1.  1%  MAP  (  contains  1%  of  para-aminobenzoic  acid 
(PABA)  in  95%  ethyl  alcohol. 

2.  3%  MAP  (  3%  PABA  in  95%  C2H5OH) 

3.  5%  MAP  (  5%  PABA  in  95%  C2H5OH) 

4.  5%  MAPOL  {  5%  PABA  in  95%  C2H5OH  &  0.  5% 
cetyl  alcohol  as  emollient) 

5.  Formula  MAP  (D5)  contains  5%  w/v  of  PABA, 

5%  oleyl  alcohol  as  emollient  and  2%  polyoxy¬ 
ethylene  oleyl  ether  dissolved  in  100  ml.  of 
70%  C2H5OH.  The  polyoxyethylene  oleyl  ether 
was  primarily  used  as  a  solubilizer  and  contains 
a  series  of  polyoxyethylene  ethers  of  fatty  alcohol 
(e.  g.  cetyl;  stearyl  and  oleyl  alcohol).  The  final 
concentration  of  ethyl  alcohol  ranged  between  65-75%. 

6.  Formula  F3  contains  3%  w/v  of  PABA  in  70%  C^HgOH. 
The  other  ingredients  were  the  same  as  in  Formula 

MAP  (D5) . 

7.  Formula  G  contains  2.  5%  Eskalol  506  (iso-amyl 
p-N,  N-dimethyl  aminobenzoate)  in  65-70%  C2H^OH  . 

8.  UVAL,  a  commercial  product  contains  10%  2-hydroxy, 
4-methoxybenzophenone -  5- sulfonic  acid  (Pharmafac, 
Austin,  Texas)  was  selected  to  compare  against  5% 
MAP,  and  Formula  MAP  (D5). 

In  this  clinical  trial,  50  volunteers  were  used  to  evaluate  the  above  listed 
test  preparations  under  4  different  conditions: 

1.  Evaluate  the  degree  of  protection  after  a  single  applica¬ 
tion  of  the  test  preparations  on  backs  and  legs  without 
subjecting  the  volunteers  to  any  schedule  of  exercise  or 
swimming. 
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2.  Evaluate  the  degree  of  protection  after  subjecting 
the  volunteers  to  a  schedule  of  heavy  exercise 
accompanied  by  sweating  under  dry  and  hot 
weather  conditions. 

3.  Evaluate  the  degree  of  protection  after  15  minutes 
of  swimming. 

4.  Evaluate  the  protective  effect  under  normal  conditions 
of  use  (e.g.  swimming,  lying  on  the  back  and  prone 
position,  walking  and  running  around  in  the  sun). 

Experiments  #1-3  were  designed  to  test  1,  3,  and  5%  MAP  and  MAPOL. 
preparations  under  3  conditions  listed  above,  and  the  principal  objects 
were  as  follows: 

1.  To  establish  the  minimum  concentration  of  PABA 
that  is  essential  to  obtain  the  most  satisfactory 
protection.  Three  preparations  containing  1,  3, 
and  5%  PABA  were  evaluated. 

2.  The  second  objective  was  to  evaluate  the  tanning 
response  in  each  subject  after  application  of  these 
various  preparations  and  sun  exposure.  We  were 
primarily  interested  in  finding  out  whether  normal 
tanning  (that  includes  both  the  immediate  pigment 
darkening  reaction  and  the  formation  of  new  malanin, 
i.  e.  melanogenesis)  can  be  elicited  in  the  absence  of 
visible  sun  burn  reaction.  It  has  long  been  assumed 
that  normal  suntanning  can  occur  only  when  there  is 
an  inflamation  and  sunburn  reaction  in  the  skin. 

3.  Whether  the  incorporation  of  emollients  in  these 
preparations  affects  the  affinity  of  these  various 
preparations  to  either  <  njugate  chem  cally  or  re¬ 
main  adsorbed  on  the  stratum  corneum  after  vigorous 
sweating  and  swimming. 

Experiment  #4  was  designed  to  evaluate  the  maximum  period  of  sun 
exposure  that  can  be  tolerated  by  individuals  without  evoking  undue 
sunburn  response  after  a  single  application  of  5%  MAP  and  preparation  G 
and  a  schedule  of  15  minutes  of  swimming. 

Experimenls  #5-7  were  designed  to  fe:;t  Formula  5%  MA10,  MAP  (D5), 
and  Formula  F  under  3  conditions: 

a.  sun  exposure  without  exercise  and  swimming. 

b.  sun  exposure  with  30  i  tes  exercise  o<  >  ompanied 
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by  sweating. 

c.  sun  exposure  with  15  minutes  swimming.  The 

aim  was  to  ascertain  the  relative  degree  of  protection 
afforded  by  each  of  these  preparations.  The  -normal 
tanning  response  was  also  evaluated. 

Experiments  #8-10  were  designed  to  test  the  effect  of  a  single  application 
of  preparations  MAP,  Escalol  506  (G) ,  and  UVAL  under  three  conditions: 

1.  without  any  activity 

2.  With  30  minutes  exercise 

3.  after  15  minutes  swimming. 

T1  pal  objects  were: 

a.  to  compare  the  relative  protection  afforded  by  3 
preparations, 

b.  the  affinity  of  MAP,  G,  or  UVAL  to  remain  on  the 
stratum  corneum,  after  various  activities, 

c.  the  degree  of  tanning  observed  after  sun  exposure. 

Experiment  #11  was  designed  to  test  the  preparations  MAP,  MAP  (D5) 
and  G  under  conditicns  simulating  normal  usage.  Normal  conditions  of 
use  included  those  activities  that  one  would  do  on  a  beach  on  a  bright 
and  hot  day. 

Comments  and  Conclusions: 


In  a  place  like  Florence,  Arizona,  even  in  the  month  of  September, 
fair  skinned  individuals  show  minimal  perceptible  redness  at  24  hours 
when  exposed  for  10  minutes  to  solar  radiation  in  the  horizontal  position. 

An  exposure  for  60  minutes  in  the  horizontal  position  (under  dry,  hot  and 
intense  sun  without  any  sunscreen) will  produce  marked  erythema  accomp¬ 
anied  by  swelling,  edema,  and  marked  tenderness  of  the  skin.  The  exposure 
periods  selected  in  our  experiments  ranging  from  40  minutes  to  2  1/2 
hours  constituted  an  intense  challenge  for  the  skin.  Leading  commercial 
preparations  that  were  evaluated  in  our  earlier  trials  were  found  to  be 
ineffective  and  could  not  provide  any  satisfactory  protection  after  60 
minutes  sun  exposure,  even  under  conditions  which  involved  no  sweating 
and  no  swimming. 
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Observations  gathered  on  fifty  volunteers  in  this 
trial  lead  us  to  the  following  conclusions: 


September  1967  clinical 


1.  After  a  single  application  and  without  any  exercise 
or  swimming,  preparations  1,  3  and  5%  MAP  provide 
excellent  protection  against  2  1/2  hours  of  sun  exposure 

A  single  application  of  5%  MAP  or  MAP  (D5)  under 
similar  conditions  (no  exercise  and  no  swimming) 
ill  prevent  the  sunburn  response  after  exposing  the 
backs  of  the  individuals  in  the  horizontal  position  for 
a  period  of  4-5  hours  of  solar  radiation. 

2.  5%  MAP  was  found  to  afford  very  effective  protection 
after  subjecting  the  volunteers  to  a  schedule  of  vigorous 
exercise  accompanied  by  sweating.  The  sweating  and 
the  frictional  contact  of  the  clothes  with  the  skin  did 
not  remove  the  protective  film  during  exercise.  This 
preparation  showed  excellent  protection  up  to  2  1/2 
hours  of  sun  exposure. 

3'  AileL°ne  application  of  l’  3  and  5%  MAP  preparations 
and  15  minutes  of  swimming,  no  protection  was  observed 
when  volunteers  were  exposed  to  2  1/2  hours  of  solar 
radiation.  However,  5%  MAP  was  found  to  provide 
quite  satisfactory  protection  when  exposure  to  sun  was 
limited  to  45-90  minutes. 


4.  The  preparation  MAP  (D5)  that  contains  5%  PABA  and 
emollient  in  70%  alcohol  was  found  to  be  as  effective  as 
5%  MAP  preparati  on.  It  provides  excellent  protect  ion 
even  after  a  heavy  schedule  of  exercise  and  swimming. 


5%  MAPOL,  the  preparation  containing  an  emollient 
was  found  to  be  least  effective  even  under  contions  of 
no  exercise  and  no  swimming.  Incorporation  of  an 

e™“ke  cetyJ  alcoh°l  markedly  alters  the  property 
of  the  MAP  preparation.  It  appears  to  be  easily  eluted 
from  the  surface  of  the  skin. 


6.  Both  5%  MAP  and  MAP  (D5)  allow  the  desired  tanning 
without  the  discomforts  of  sunburn. 


PreParation  was  found  to  be  less  effective  than 
5%  MAP  and  MAP  (D5)  preparations  under  three  experiment 
a  conditions  (e.  g.  without  exercise  and  without  swimming- 
with  exercise  and  with  swimming).  It  appears  that  a 
minimum  of  5%  concentration  PABA 
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is  essential  to  obtain  satisfactory  protection  under 
conditions  of  sweating  and  swimming. 

’  PreParatiai65%  MAP  and  MAP  (D5)  appear  to  have 
a  dcfumte  affinity  to  remain  on  the  surface  of  the  layer 
alter  subjecting  the  volunteers  to  a  schedule  of  exercise 
accompanied  by  sweating  and  15  minutes  of  swimmuig 
Prepara, k>„  UVAL  was  significantly  less  protect,”  8' 
under  stmilar  conditions  and  appeared  tc  have  been 
washed  away  from  the  skin  surface  under  experimental 
conditions  of  exercise  and  swimming. 

Preparation  G  appeared  to  have  a  definite  affinity  to 
bmd  or  remain  adsorbed  on  the  surface  of  the  stratum 
corneum.  It  affords  better  protection  than  5%  MAP 
and  MAP  (D5),  i.e.  ,  the  subjects  can  tolerate  up  to 
90  minutes  of  sun  exposure  after  one  application  and 
15  minutes  of  swimming. 

U  ,ler  normal  conditions  of  usage,  preparations  5% 

MAP  and  MAP  (D5)  were  found  to  provide  excellent 
protection  .  UVAL  was  found  to  be  lease  effective 

and  swe'mg.  “  WaSHed 
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EXPERIMENT  Is 


Objects 


Number  of 
Subjects! 


Results  i 


Conclusion! 


Evaluation  of  1,  3  and  5$  MAP  and  5$  MAPOL*  Preparations!  MAP 
and  Sunlight  without  Swimming  and  Exercise 


1$  MAP  +  2i  hours  sunlight  without  exercise  or  swimming 

3$  MAP  +  2|  hours  sunlight  without  exercise  or  swimming 

5$  'MAP  +  2f  hours  sunlight  without  exercise  or  swimming 

5$  MAPOL*  +  2^  hours  sunlight  without  exercise  or  swimming 

After  one  application  of  MAP  or  MAPOL  in  1,  3  and  5$  concentration 
and  sun  exposure  for  2\  hours,  evaluate! 

a)  the  degree  of  erythema  without  subjecting  the  volunteers  to 
exercise  or  swimming  prior  to  sun  exposure. 

b)  the  degree  of  tanning. 
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1}  1$  MAP  gave  100$  protection  in  l|  out  of  6  subjects  after  2\ 
hours  sun  exposure. 

2)  3 $  MAP  gave  100$  protection  in  1;  out  of  6  subjects  after  2f 
hours  sun  exposure. 

3)  5$  MAP  gave  100/S  protection  in  U  out  of  6  subjects  after  2§ 
hours  sun  exposure.  The  other  2  subjects  showed  at  least 
80$  protection. 

10  5$  MAPOL  gave  100$  protection  in  2  out  of  6  subjects  after  2§ 
hours  sun  exposure.  The  protection  in  i*  other  subjects  ranged 
from  UO  to  75$ • 


1)  After  a  single  application  and  without  any  exercise  or  swimming, 
1,  3  and  5$  MAP  preparations  provide  significant  protection  up 
to  2^  hours  sun  exposure. 

2)  MAPOL,  the  preparation  with  0,5$  cetyl  alcohol  as  an  emollient, 
was  found  to  be  not  as  effective  as  1,  3  and  5$  MAP  preparations. 
It  is  clear  that  incorporation  of  an  emollient  into  the  standard 
MAP  preparation  radically  changes  its  sun  protective  properties. 


*  MAPOL i  a  new  formulation  of  MAP  (5$)  with  an  emollient 
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Immediate  pigment  darkening  reaction 


IPD  ■  Immediate  pigment  darkening  reaction 
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Immediate  pigment  darkening  reaction. 
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Immediate  pigment  darkening  reaction 
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Experiment 


Object: 


Results: 


Conclusions: 


Evaluation  of  1,  3  and  %  MAP  and  %  MAPQL  Preparations:  mp  and 
Sunlight  without  Swimming  and  Exercise 


exposureefoT2"Chonr^  °f  3  “l5*  ^  and  #  MAPCL  and  sun 

S  S  the  e^f  VLST*  °f  tanMn£:  Md  reSid“al 


arelf  still°Jhe6  fd  ^  h?UrS  p03t  exP°snre,  control  (untreated) 

Seated  ith  1rwreaidS  etTh6r  ?  5  °Ub  °f  6  «**“>*>.  Arias 

Likewise,  areks  ireateS  ?:°"M  resiraal  «*>"»• 

the  end  Jf  96  and 

however,  showed  some  residual  erythema  in  3  out  o™6  s„b>rts 

W  ST2  ToTtrT ^  defi™tolJr  batt®h  in  areas  protected  .. 

^  1  (untreated)  areas.  There  was  no  deter* 
difference  in  the  rate  of  tanning  or  in  the  derree  of  t»nm 

-P^b°n-ntrTohl  ^afis 


chalSn^f,  °f  2?  h?UI’S  S°lar  radiation  constitutes  an  intense 
COTditXn/ T  pr°m0tlng  tanninE-  An  unprotected  skin,  under  the»e 

ob.-nr.-'daSq^-iS^ 

affected  and  tanning  of  theikin  does'  n7t  ^ 

to  this,  if  sin  i=  mJSfofioZd^pfica1? *  T™* 

3  31,(1  ^  MP^  the  same  exposure  0?  2 
hours  of  solar  radiation  can  promote  most  effective  and  ?Lfi8 

th8^fpg;oteo°teddSieerLt°Sl?i;usdetSanUWati0n  “d  6d°M 
disoorforts  0?  ^“;  “”“e  C“  be  aChlbveti  the 
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Evaluation  of  1  1  and  5%  MAP  and  mapot  ^ 

- ~J  " . -2-?—  ^  and  5%  MAPOL  Preparations .»  MAP  and 

Sunlight  without  Swimming  and  Exercise 


Subject  Sc 
Prison  # 

Gray 

25897 


Davis 

26935 


Site  Preparation 


Back 


Back 


Back 


Back 


Control 
1%  MAP 
3%  MAP 
$%  MAP 
5%  MAPOL 

Control 
1%  MAP 
3%  MAP 
5%  MAP 
5%  MAPOL 

Control 
1%  MAP 
3%  MAP 
5%  MAP 
%  MAPOL 

Control 
1%  MAP 
3%  MAP 
5£  MAP 
%  MAPOL 


Period  of 
Sun  Exposure 


Degree  of  Tanning  (h.  &  6  pg^s) 


2\  hours  lith  cay 


2^  hours 


it 


2f  hours 


Visible  Visible 
_ Redness  Tanning 


6th  day 


ti 

it 


2|  hours  Uth  day 


6th  day 


+  +4 


+++ 


0 


0 


0 


0 


♦♦ 

♦+ 

++ 

♦+ 

0 

+ 


++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 

++ 
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Experijnent_l;  Evaluation  of  1,  3  and  %  MAP  and  $%  MAPOL  Preparations »  MAP  and 

Sunlight  without  Swimming  and  Exercise 


Degree  of  Tanning  (k  &  6  Days) 


Subject  & 
Prison  # 

Site 

Preparation 

Period  of 
Sun  Exposure 

Day 

■  M _ i 

Visible 

Redness 

Visible 

Kennedy 

Back 

Control 

2^  hours 

lith  day 

++ 

JL  aJJIlJLllfi, 

++ 

27163 

ti 

1*  MAP 

11 

11 

0 

4.4. 

tl 

3%  MAP 

11 

ri 

0 

++ 

rt 

5%  MAP 

ft 

it 

0 

+ 

11 

5%  MAPOL 

If 

ti 

+ 

f+ 

Back 

Control 

2^-  hours 

6th  day 

+ 

++ 

M 

1%  MAP 

11 

it 

0 

++ 

n 

3%  MAP 

11 

11 

0 

++ 

n 

5%  MAP 

11 

n 

0 

++ 

11 

$%  MAPOL 

it 

» 

0 

++ 

Hoskins 

Back 

Control 

2^  hours 

lith  day 

0 

+  +4* 

27721* 

11 

1%  MAP 

If 

11 

0 

+++ 

ir 

3%  MAP 

11 

It 

0 

+++ 

ti 

5%  MAP 

it 

11 

0 

+4+ 

11 

$f  MAPOL 

it 

it 

0 

•f +*f 

Back 

Control 

2\  hours 

6th  day 

0 

++ 

ti 

1%  MAP 

M 

tt 

0 

++ 

11 

3%  MAP 

ti 

11 

0 

++ 

11 

5%  MAP 

ft 

it 

0 

++ 

ti 

5%  MAPOL 

tl 

n 

0 

++ 
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Experiment  1:  Evaluation  of  1.  3  and  £6  IAP  and  5%  MAPOL  Preparations  ;  MAP  .and 

Sunlight  without  Swimming  and  Exercise 

Degree  of  Tanning  (U  &  6  Days) 


Subject  & 
Prison  tf 

Site 

Preparation 

Period  of 

Sun  Exposure 

Day 

Visible 

Redness 

Visible 

Tanning 

McNatt 

Back 

Control 

2§  hours 

Uth  day 

++ 

+ 

2?l£2 

n 

1%  MAP 

IT 

ii 

0 

++ 

it 

yjo  map 

1! 

tt 

0 

++ 

it 

%  MAP 

ft 

i! 

0 

++ 

n 

$%  MAPOL 

It 

II 

+ 

++ 

Back 

Control 

2i*  hours 

6th  d ay 

+ 

++ 

« 

1%  MAP 

u 

it 

0 

++ 

tt 

%  MAP 

it 

ii 

0 

++ 

ii 

$%  MAP 

it 

it 

0 

++ 

11 

%  MAPOL 

tt 

tt 

0 

++ 

Bouldin 

Back 

Control 

2-|  hours 

Uth  day 

+++ 

+ 

268^8 

it 

155  MAP 

h 

it 

0 

++ 

n 

3?  MAP 

ti 

It 

+ 

++ 

u 

$%  MAP 

it 

It 

0 

++ 

ii 

MAPOL 

it 

It 

+ 

++ 

Back 

Control 

hours 

6th  day 

+++ 

++ 

n 

156  MAP 

it 

n 

0 

++ 

ii 

3»  MAP 

it 

it 

0 

If 

%  MAP 

tt 

it 

0 

++ 

11 

%  MAPOL 

it 

it 

+ 

++ 
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EXPERIMENT  2: 

Object; 

Schedule  of 
Exercise: 

Number  of 
Subjects: 

Results: 


Conclusions: 


Evaluation  of  1,  3  and  $%  MAP  and  $%  HAPOL  Preparations  after  Exercise 

\%  MAP  +  30  minutes  exercise  +  2\  hours  sun  exposure 

3%  MAP  +  30  minutes  exercise  +  2 1  hours  sun  exposure 

$%  MAP  +  30  minutes  exercise  +  2f  hours  sun  exposure 

MAPOL  +  30  minutes  exercise  +  2^  hours  sun  exposure 

a)  Whether  a  single  application  of  1,  3  and  5%  MAP  affords  satisfactory 
protection  against  sunburn  radiation  when  the  volunteers  are  sub¬ 
jected  to  a  schedule  of  heavy  exercise  leading  to  profuse  perspira¬ 
tion  under  dry  and  hot  sunny  weather. 

b)  Determine  the  degree  of  tanning. 


Running  and  walking,  calisthenics  and  basketball.  Volunteers  had 
clothes  on  during  exercise.  At  the  end  of  the  exercise  period  each 
subject  was  found  to  be  profusely  sweating. 
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1)  1 %  MAP  preparation  provided  only  partial,  protection  (33-75*3) 

in  3  out  of  6  subjects.  Similarly,  3%  MAP  preparation  provided 
partial  protection  to  3  out  of  6  subjects.  53  MAP  preparation 
was  quite  effective  in  at  least  ij  out  of  6  subjects.  Even  the 
remaining  2  subjects  showed  significant  protection. 

2)  The  back  of  the  legs  (calf  areas)  treated  with  MAPOL  showed 
definite  but  not  absolute  protection.  53  MAPOL  on  the  back  was 
found  to  be  least  effective.  The  erythemal  response  in  areas 
treated  with  MAPOL  was  almost  identical  to  that  of  control 
(untreated)  areas. 


1)  Even  after  profuse  sweating  and  elution  of  the  applied  preparation 
due  to  frictional  contact  of  the  clothes  with  the  body,  53  MAP 
was  found  to  be  quite  effective  in  providing  satisfactory  protec¬ 
tion.  The  data  indicate  that  preparation  MAP  appears  to  have 
remained  adsorbed  on  the  surface  of  the  horny  layer.  Considering 
the  fact  that  each  subject  received  2\  hours  sun  exposure,  which 
is  roughly  equal  to  about  10  times  the  minimal  erythema  dose,  the 
protection  that  one  observes  is  certainly  significant. 

2)  1  and  3%  MAP  preparations  and  53  MAPOL  preparation  did  not  orovide 
the  desired  adequate  protection.  The  active  ingredients  either 
were  eluted  .from  the  surface  of  the  horny  layer  as  a  result  of 
sweating  or  were  rubbed  off  due  to  frictional  contact  with  the 
clothes.  It  is  also  possible  that  the  exposure  period  of 

hours  was  too  much  for  each  area  receiving  1  and  3%  1AP  preparation. 
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experiment  2:  Evaluation  of  1,  3  and  5^  MAP  and  $%  J1AP0L  Preparations t  MAP  and  Sunlight  with  30  Minutes  Exercise 
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EXPERIMENT  2 


Object: 


Results: 


Co  rclusions: 


ARIZONA  STATE  PRISON  CLINICAL  TRIAL,  SEPTEMBER  1967 

:  -.v.f^ua^ion  If  3  and  %  HAP  and  $%  MAPOL  Preparations  after 

30  Minutes  Exercise 


Determine  the  tanning  response  on  the  Uth  day  (96  hours)  and 
6th  day  (1UU  hours)  after  hours  sun  exposure  under  the  following 
conditions:  1  application  of  1,  3  and  %  MAP  and  $%  MAPOL  prepara¬ 
tions  and  30  minutes  exercise. 


On  the  Uth  and  6th  day  after  sun  exposure  for  a  period  of  24  hours, 
the  control  (untreated)  areas  still  showed  significant  residual 
erythema.  Contrary  to  this,  <>%  MAP  treated  areas  showed  practically 
no  residual  erythema  on  the  Uth  and  6th  day.  Because  of  desquamatior 
edana  and  dyskeratosis,  a  moderately  intense  sunburn  can  delay  the 
appearance  of  visible  tan.  This  was  evident  in  the  control  untreatec 
areas.  Tanning  response  of  the  control  areas  was  not  as  marked  as 
uhat  observed  in  %  MAP  treated  areas.  Areas  treated  with  1  and  3% 
MAP  and  %  MAPOL  showed  residual  erythema  up  to  6  days  of  observation 
Ihe  tanning  response  in  these  areas  was  practically  similar  to  that 
observed  in  control  (untreated)  areas. 


Tanning  of  the  skin  can  be  promoted  without  evoking  appreciable 
sunburn.  1  application  of  %  MAP  preparation  provided  excellent 
protection  against  sunburn  and  permitted  ideal  tanning  of  the  skin 
without  the  discomforts  of  sunburn. 

MP  Preparations  did  not  provide  any  better  tanning  than 
5%  MAP  preparation. 


5$  MAPOL  was  not  as  effective 
protection  as  well  as  tanning 


as  5$  MAP  both  in  terms  of  sunburn 
response. 
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Experiment  2:  Evaluation  of  1.  1 

and  S%  MAP  and  5 t 

MAPOL  Preparations 

after  Exere-i  no 

Degree  of  Tanning  (i*  &  6  Days) 

Subject  & 
Prison  # 

Site 

Preparation 

Period  of 
Sun  Exposure 

Day 

Visible 

Redness 

Visible 

Tanni  nr* 

Sears 

2655C 

Back 

Control 

hours 

lith  day 

+++ 

0 

(1) 

n 

1*  MAP 

tt 

n 

+++ 

0 

ii 

3%  MAP 

ii 

if 

0 

ii 

S%  MAP 

ii 

n 

+ 

♦ 

ii 

S%  PA  POL 

u 

ii 

+•* 

0 

Back 

Control 

2|-  hours 

6th  day 

+  f++ 

0 

it 

156  MAP 

tt 

ii 

+++ 

+ 

ii 

3%  MAP 

ii 

it 

++ 

0 

tt 

S%  MAP 

it 

it 

+ 

+ 

ii 

S%  ’  "A  POL 

it 

ii 

+++ 

+ 

Colvin 

Back 

Control 

2i  hours 

lith  day 

++++ 

0 

2715U 

ii 

1%  MAP 

it 

ii 

0 

++ 

(2) 

it 

3%  MAP 

it 

ii 

0 

+  + 

ii 

S%  MAP 

If 

n 

0 

++ 

it 

S%  flAPOL 

II 

ti 

+ 

•f + 

Back 

Control 

24  hours 

6th  day 

+ 

+ 

it 

It  MAP 

it 

ii 

0 

++ 

ii 

3%  MAP 

it 

it 

0 

+*f 

it 

5%  MAP 

ti 

ii 

0 

++ 

ii 

S%  MAPOL 

ii 

ii 

0 

+  4* 
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Experiment  2: 

Evaluation  of  1,  3  and  51  MAP  and  51  MAPOL  Preparations  after 

Exercise 

Subject  & 
Prison  # 

Site 

Preparation 

Period  of 

Sun  Exposure 

Degree  of  Tanning  (U  &  6  Days) 

Visible  Visible 

Day  Redness  Tanning 

Hanks 

Back 

Control 

2 5-  hours 

Uth  day 

444 

+ 

26968 

11 

1%  MAP 

11 

» 

44 

4 

(3) 

it 

31  MAP 

11 

11 

44 

4 

11 

51  MAP 

II 

It 

4 

++ 

it 

51  MAPOL 

It 

II 

++ 

+++ 

Back 

Control 

2-|  hours 

6th  day 

+++ 

44 

ti 

1%  MAP 

11 

it 

44 

++ 

11 

3%  MAP 

it 

it 

++ 

++ 

11 

51  MAP 

11 

it 

4 

++ 

it 

51  MAPOL 

11 

« 

+ 

++ 

Shipman 

Back 

Control 

2|-  hours 

iith  day 

++ 

+++ 

2^810 

it 

1%  MAP 

it 

11 

+ 

+++ 

(U) 

11 

3%  MAP 

11 

ti 

0 

+++ 

it 

5$  MAP 

it 

11 

0 

444 

ti 

51  MAPOL 

11 

11 

+ 

+++ 

Back 

Control 

2^  hours 

6th  day 

++ 

+4 

11 

1%  MAP 

it 

11 

4 

44 

11 

3%  MAP 

11 

11 

0 

44 

II 

51  MAP 

11 

11 

0 

44 

ir 

51  MAPOL 

11 

n 

0 

44 
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Experiment  2i  Evaluation  of  1,  3  and  «  l-'AP  and  %  HftPOL  Reparations  after  Exercise 


Degree  of  Tanning  (U  &  6  days) 


Subject  & 
Prison  # 

Site 

Preparation 

Period  of 

Sun  Exposure 

Day 

Visible 

Redness 

- 

Visible 

La  whom 

Back 

Control 

2^  hours 

Uth  day 

++ 

++ 

276U2 

tl 

11  MAP 

H 

it 

♦+ 

(5) 

II 

3t  MAP 

fl 

fl 

+++ 

+ 

« 

S%  MAP 

ii 

ft 

+ 

♦+ 

1 

5%  MAPOL 

n 

it 

+++ 

+ 

Back 

Control 

hours 

6th  day 

++ 

++ 

n 

1%  MAP 

it 

ir 

+ 

++ 

ii 

3%  MAP 

it 

it 

++ 

++ 

it 

St  MAP 

it 

it 

0 

++ 

it 

5%  MAPOL 

ii 

it 

+ 

++ 

Traylor 

Back 

Control 

2|  hours 

Uth  day 

++  + 

0 

26627 

it 

1%  MAP 

ri 

M 

0 

+  + 

(6) 

n 

3i  MAP 

it 

If 

0 

+ 

n 

S%  MAP 

n 

It 

0 

+ 

It 

$%  MAPOL 

it 

n 

0 

++ 

Back 

Control 

2^  hours 

6th  day 

+ 

+  + 

ii 

1%  MAP 

11 

it 

0 

++ 

ii 

3%  MAP 

it 

it 

0 

+ 

it 

S%  MAP 

tl 

It 

0 

+  + 

ii 

S%  MAPOL 

II 

ii 

0 

*f  + 
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EXPERIMENT  3;  Evaluation  of  1,  3  and  5^  MAP  and  %  MAPOL  Preparations  after  15 

Minutes  Swimming 


1$  MAP  +  15  minutes  swimming  +  2k  hours  sun  exposure 

3$  MAP  +  15  minutes  swimming  +  2j  hours  sun  exposure 

5/5  MAP  +  15  minutes  swimming  +  2§  hours  sun  exposure 

MAPOL  +  15  minutes  swimming  +  2\  hours  sun  exposure 


Object; 


Number  of 
Subj  ecta : 


Results: 


After  1  application  of  1,  3  and  %  MAP  or  $%  MAPOL  and  1J>  minutes 
swimming,  evaluate: 

a)  the  degree  of  protection  after  2jjs-  hours  sun  exposure. 

b)  the  degree  of  tan  after  1*  days  and  6  days. 

c)  the  affinity  of  MAP  or  MAPOL  to  remain  on  stratum  corneum  after 
swimming. 


6 


1,  3  and  $%  MAP  and  5^  MAPOL  failed  to  show  any  protection  against 

2-|  hours  of  sun  exposure.,  The  degree  of  erythema  observed  in  the 

1,  3  and  $%  MAP  and  5%  MAPOL  treated  areas  was  practically  the 

same  as  that  observed  in  the  control  (untreated)  areas. 


Comments  & 

Conclusions:  An  exposure  of  2\  hours  to  solar  radiation  on  a  clear  bright  day  to 
the  back  of  fair-skinned  Caucasians  lying  in  the  horizontal  position 
with  the  surrounding  temperature  around  97-99°F,  constitutes  an 
intense  challenge.  This  amount  of  solar  radiation  is  approximately 
equal  to  15  times  the  minimal  erythema  dose.  Obviously,  after  15 
minutes  swimming,  most  of  the  protective  film  of  MAP  was  washed  ,  cl 
off  and  the  concentration  of  the  residual  MAP  that  remained  on  the 
surface  of  the  horny  layer  was  not  enough  to  provide  protection 
against  2\  hours  sun  exposure. 

1,  3  and  $%  MAP  and  5$  MAPOL  preparations,  after  one  application 
and  15  minutes  swimming,  cannot  provide  any  effective  protection 
when  the  sun  exposure  period  lasts  for  2|  hours. 


Experiment  3  •  Evaluation  of  1,  3  and  map  anH  mo  pat  n*.  . . 

- - - *-2. - —2.P  b.x.  i-IAPOL  Preparations  alter  Minutes 
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-e-~- - :  ^y-a4-uation  of  j x  3  and  5%  MAP  and  %  HA. POL  Preparations  after  1$  Minutes  Swimrain 
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EXPERIMENT  3: 


Object: 


Results : 


Comments  3c 
Conclusions: 


Evaluation  of  1,  3  and  %  MAP  and  MAPOL  Preparations  after  IS 

Minutes  Swimming 


After  1  application  of  1,  3  snd  MAP  and  MAPOL  and  15  minutes 
swimming,  plus  2\  hours  sun  exposure,  evaluate  the  degree  of  tanning 
at  the  end  of  i;  and  6  days. 


In  most  of  the  subjects,  at  the  end  of  Ii  days  after  exposure,  no 
visible  tanning  was  detectable  because  the  residual  erythema  was 
still  quite  intense  in  all  the  exposed  areas.  After  6  days,  however, 
the  tanning  response  was  detectable  in  at  least  5  out  of  6  subjects. 
In  areas  treated  with  1,  3  and  %  MAP  and  %  MAPOL,  the  tanning 
response  was  practically  identical  to  that  observed  in  the  control 
(untreated)  areas  that  had  been  exposed.  The  scaling  or  desquamation 
of  the  horny  layer  was  remarkably  evident  in  the  control  areas. 

5%  MAP  treated  areas,  however,  did  not  show  any  desquamation. 


To  promote  tanning,  over  exposure  to  solar  radiation  must  be  avoided. 
Excessive  exposure  to  solar  radiation  not  only  produces  marked  sunburn, 
desquamation,  edema  and  intense  tenderness  of  skin,  but  also  poor 
tanning.  Ideal  tanning  of  the  skin  can  be  achieved  without  evoking 
the  adverse  affects  of  sunburn  reaction  if  the  skin  is  well  protected 
and  only  if  there  is  minimal  erythema. 


/(. 
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Experiment  3 • 


Evaluation 


of  L  3  and  %  MAP  and  MAPOL  Preparations  after_l5 


Minutes  Swimming 


Decree  of  Tanning  (It  &  6  Days) 


Subject  & 

onn  It 

Site 

Preparation 

Period  of 

Sun  Exposure 

Day 

Visible 

Redness 

Visible 

Tanning 

rTiswiJ  jr 

Hopkins 

27691 

Back 

it 

Control 

\%  MAP 

2|  hours 

11 

hth  day 

It 

+++ 

+++ 

0 

0 

(1) 

u 

3%  MAP 

it 

tl 

+++ 

0 

n 

MAP 

m 

It 

+++ 

0 

it 

5,6  MA  \  u 

11 

It 

+++ 

0 

Back 

Control 

2^*  hours 

6th  day 

+ 

++ 

11 

i.6  MAP 

n 

It 

+ 

++ 

it 

3%  MAP 

u 

IT 

+ 

++ 

11 

$%  MAP 

11 

It 

+ 

++ 

tt 

$%  MAPOL 

it 

tt 

+ 

++ 

Roberts 

Back 

Control 

l\  hours 

Uth  day 

+++ 

+ 

2703$ 

it 

155  MAP 

ti 

It 

+++ 

+ 

(2) 

11 

356  MAP 

?t 

tl 

+++ 

+ 

tt 

%  MAP 

11 

It 

+++ 

+ 

11 

<3%  MAPOL 

it 

It 

+++ 

+ 

Back 

Control 

2|  hours 

6th  day 

++ 

+++ 

it 

1%  MAP 

II 

It 

+ 

+++ 

11 

3%  MAP 

11 

tt 

+ 

+++ 

11 

$%  MAP 

It 

It 

+ 

+++ 

I! 

%  MAPOL 

It 

It 

0 

+++ 

ASPCTj  9/67 


Experiment  3?  Evaluation  of  lf  3  and  5%  MAP  and  $%  MAPOL  Preparations  after  15 

Minute 3  Swimming 


Degree 

of  Tanning  (h  &  6  Days) 

Subject  & 
Prison  # 

Site 

Preparations 

Period  of 

Sun  Exposure 

Day 

Visible 

Redness 

Visible 

Tanning 

Meade 

Back 

"on trol 

2b  hours 

l*th  day 

++ 

++ 

27821 

It 

1%  map 

it 

11 

++ 

+ 

(3) 

It 

3%  MAP 

11 

tt 

++ 

+ 

ft 

map 

tt 

II 

++ 

■«- 

rr 

%  MAPOL 

f! 

II 

++ 

+ 

Back 

Control 

1! 

6  til  day 

0 

++ 

n 

1%  MAP 

It 

it 

0 

++ 

11 

3%  MAP 

ri 

it 

0 

++ 

it 

5%  MAP 

tt 

n 

0 

++ 

it 

%  MAPOL 

ti 

It 

0 

++ 

Miller 

Back 

Control 

2i  hours 

Uth  day 

+  +  + 

0 

27229 

11 

1%  MAP 

tt 

it 

*f +  + 

0 

(U) 

11 

3%  MAP 

it 

rt 

+++ 

0 

it 

T  MAP 

11 

it 

+  +  + 

0 

n 

5%  MAPCL 

ti 

tt 

+++ 

0 

Back 

Control 

it 

6th  day 

+ 

++ 

11 

1%  MAP 

n 

n 

+ 

+  +• 

it 

3%  MAP 

tt 

n 

+ 

■f  f 

11 

%  MAP 

it 

11 

+• 

+4* 

it 

5%  MAPOL 

11 

n 

+ 

+  + 
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ti 
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It 
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++ 

++ 
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S%  MAP 

II 
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++ 

it 

S%  MAPOL 

II 
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++ 

++ 

Back 
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2\  hours 

6th  day 

++ 

++ 

it 

1%  MAP 

ii 

it 

0 

++ 

ii 

3%  MAP 

it 

it 

0 

++ 

ii 

S%  MAP 

ii 

n 

0 

++ 

ii 

S%  MAPOL 

ti 

II 
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++ 

Roe 

Back 
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2^  hours 

Uth  day 

++++ 

0 

269U8 
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1  %  MAP 

t» 

it 

++++ 
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(6) 

ii 

3%  riAP 

IT 

it 

++++ 
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ii 

S%  MAP 

It 

ti 

++++ 
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it 

S%  MAPOL 

It 

it 

+++  + 
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Back 
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2\  hours 

6th  day 

++++ 
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ii 

U  MAP 

11 
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++  +  + 
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it 

3%  MAP 

II 

it 

++++ 
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ti 

S%  MAP 

11 

ii 
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it 
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ii 
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. ji*  Effect  of  Swimming  on  Sunburn  Protecting  Properties  of  Reparations 


5%  MAP  and  G. 


Object; 


Nur.iber  of 
Subjects: 


I"  ®Jpe^ment  //  3,  it  was  observed  that  after  a  single  application 
°i  5%  HAP  an  .  -nnutes  swimming  and  sun  exposure  for  2^  hours, 
all  the  six  .ejects  showed  no  evidence  of  any  protection  in  the 
treated  at  .  Experiment  #  1;  was  therefore  designed  to  test  the 
maximum  pen  t  cf  sun  exposure  that  can  be  tolerated  by  individuals, 
After  a  s  tigj.  application  of  MAP  and  preparation  G,  and  a 
schedule  of  15  minutes  swi, 'tuning,  evaluate: 

a)  i  9  d egre*1  c  1  protection  against  sunburn  after  20,  1*0  and  60 
minutes  exposure. 


k)  1  *  '  Jnity  of  MAP  and  G  to  remain  on  stratum  corneum  after 

s  %ming. 


Results.  After  1  application  and  15  minutes  swimming,  preparation  MAP  showed 
definite  and  quite  satisfactory  protection  against  hO  minutes  of 
sun  exposure.  This  preparation  was  found  to  be  less  effective 
after  iR)  minutes  sun  exposure,  i.e.,  after  giving  solar  radiation 
over  L  times  the  minimal  erythema  dose  of  the  individual. 

Preparation  G  was  found  to  be  very  effective  up  to  60  minutes  of 
sun  exposure.  All  the  six  subjects  showed  excellent  protection 
against  20,  UO  and  60  minutes  sun  exposure.  These  observations 
suggest  that  preparation  G  affords  better  protection  than  MAP 
after  one  apolication  and  15  minutes  swimming. 

Comments  & 

.Conclusions:  1)  Preparation  MAP  affords  definite  and  satisfactory  protection  up 
to  L5  minute,,  sun  exposure  period. 

2)  Preparation  G  affords  better  protection  than  MAP,  i.e.,  the 
subjects,  can  tolerate  up  to  60  minutes  of  sun  exposure  after  one 
application  and  15  minutes  swimming. 

3)  ^otu  preparations  MAP  and  G  have  definite  affinity  to  bind  or 
regain  adsorbed  on  the  surface  of  the  horny  layer. 


2)  Following  swimming,  MAP  begins  to  lose  its  protective  effect  after  60  minutes  sun  exposure,  i.e 
after  receiving  h  times  the  minimal  erythema  dose. 


Experiment  h:  Effect  of  Swim 
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2)  Following  swimming,  MAP  begins  to  lose  its  protective  effect  after  60  minutes  sun  exposure,  i.e., 
after  receiving  U  times  the  minimal  erythema  dose. 
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gXPCRIIENT  $ 

Object; 

Number  of 
Subjects; 

Results: 


Conclusions : 


Conyariso^of  MAP,  Formula  Q~,  and  Formula  F3  Preparation* 

SVsSSSf*  1anaSdp2hh0UrS  Wi,th0,,t  —ise  and  swimming 

F3  ♦  sSSl  W  1  l  J0UrS  Wlth0ut  exercise  and  swimming 
>3  sunlight  1  and  2  hours  without  exercise  and  swimming 

After  1  application  of  /AP,  D5  and  F3  evaluate: 

a)  the  degree  of  erythema  after  1  hour  and  2  hours  sun  exposure. 

b)  to  ascertain  whether  preparation  D5,  that  contains  «  para  anri 
emollient  and  a  surfactant  in  alcohol,  was  as  elective  “  &  M P. 


1)  After  application  and  60  minutes  sun  exposure,  MAP  and  D? 

WtoEE"  r°rd1-SiSnifiCant  ranging^from 

75  to  100,.  Preparation  F3,  although  it  protected  2  subiert* 

quite  satisfactorily,  proved  to  be  less  effective  than  MAP  or  D5. 

2)  quite  -tLjact“eoii°o^g\S„r:LTbrt:h0M 

lesfe^LuE'h"  «  was ’certain* 


1)  MAP  and  D5  preparations  appeared  to  be  equally  effective  hnth 

tb16‘lifi0ant  pr0tSctiOT  afiainst  60  mimtes  ™  Sto^e 

uE  3  f”par*tion3  gave  quite  satisfactory  prateSion 

up  to  120  minutes  sun  exposure.  F3  Drenaratin„  t.'u? 

afforded  protection  up  £  60  ^JesfwaT Sn*  esf  * 
effective  than  MAP  or  DJ>.  y  iess 

2)  The  incorporation  of  an  emollient  and  a  solubilizer  f«  olevl 
alcohol  and  2%  polyoxyethylene  oleyl  ether)  did  not  radicaUv' 

t*?  substantivity  property  of  preparation  MAP.  This  7 
preparation  appeared  to  be  almost  as  effective  as  fip. 
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EXPERIMENT 


Object; 


Results : 


Conclusions; 


:  Comparison  of  %  map,  Formula 


ilAP  (D5)  and  Formula  P3  Preparations 


After  1  application  of  $% 
for  1  and  2  hours  without 
degree  of  tanning  after  96 


MAP,  Do  and  F3  preparations  and  sun  exposure 
any  exercise  or  swimming,  evaluate  the 
hours  post  exposure. 


eoulnv  “?er^ent*  f  >AP  ^d  preparations  were  found  to  be 
60  120  Provided  verM  satisfactory  protection  against 

afforHoH  C  U^es  sun  exPosure.  F3  preparation,  although  it 
afforded  protection  up  to  60  minutes  sun  exposure,  was  found  to 

slrllltZ  I"  !hari  °r  D5  ^re-oarations*  In  spite  of  this 
Shifted  Protecticn  by  MAP  and  D5,  the  tanning  response  was  not 

areas  treatedwite  map °f  tar,ninf  that  was  observ^  in 
areas  treated  with  .IfiP  and  D5  was  of  the  same  order  as  that  observed 

that  atCthe  Uftor?d)  eXP°Sed  areaS<  11  is  interesting  to  see 
areas  ^till  showed  f  hour.s.aftf'  sun  exposure,  the  control  (untreated) 
arp„.  +  h  ,1  showea  a  significant  erythema,  particularly  in  those 

Jhe  AP^d  /'a"  6XD0SUre  for  120  "*nutes.  Contrary  to  this, 

ervthema^t  *  !  areas  showed  Practically  no  or  minimal  residual 

rZ  Ta  Thus>  in  MP  and  D5  Seated  areas,  tanning  has 

on  thetth^  ^°Uh  tJedlsconforts  of  sunburn.  The  F3  treated  areas, 

morfthaf te-f  ohL  HreS1°-f-  at  96  hours  which  was  decic-idly 

more  than  tft«.t  observed  m  :nP  or  D5  treated  areas. 


properties:^  K  preparatlons  revaal  Important  and  essentia! 

15  prevent° sunburn^n^^Cart  >”,*Ctie"  »lar  ^la«°"  «- 

2)  Both  allow  the  desired  tanning  without  the  discomforts  of  sunburn. 
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Experiment  $: 

Comparison 

of  %  MAP,  Formula 

'iAP  (D5)  and  Formula  F3  Preparations 

after  Sun 

Exposure  without  Exercise  or  Swimming 

Subject  & 
Prison  # 

Site 

Preparation 

Sun  Exposure 

Degree 

after 

Visible 

Redness 

of  Tanning 

96  Hours 

Visible 

Tanning 

Washa 

Back 

Control 

60  minutes 

+ 

0 

22987 

11 

MAP 

It 

u 

+ 

(1) 

(1 

D5 

It 

0 

+ 

(1 

F3 

It 

0 

+ 

Back 

Control 

120  minutes 

+  +  + 

0 

u 

MAP 

It 

+ 

++ 

11 

D$ 

tt 

+ 

++ 

It 

F3 

it 

+ 

++ 

Griffin 

Back 

Control 

60  minutes 

+ 

++ 

2730U 

it 

MAP 

n 

0 

++ 

(2) 

tt 

D$ 

IT 

0 

++ 

it 

F3 

tt 

+ 

++ 

Back 

Control 

120  minutes 

+++ 

++ 

it 

MAP 

it 

+ 

++ 

11 

D$ 

IT 

+ 

++ 

it 

F3 

M 

S 

+ 

++ 
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Experiment  5: 

Comparison  of  %  MAP,  Formula  MAP  (1'5)  and  Formula  Pr™tinn« 

after  Sun 

Exposure  without 

Exercise  or  Swimming 

— ^ 

- ■  . V. 

Degree  of 
after  96 

Tanning 

hours 

Subject  & 
Prison 

Site 

Preparation 

Period  of 

Sun  Exposure 

Visible 

Redness 

Visible 

Tfinrvi  nrr 

Laird 

Back 

Control 

60  minutes 

++ 

.U  fXXil  1  J.J 

4 

26156 

1! 

MAP 

n 

0 

4 

(3) 

t! 

D5 

11 

0 

4 

11 

F3 

11 

+ 

4 

Back 

Control 

120  minutes 

+++ 

44 

M 

MAP 

if 

+ 

44 

IV 

D5 

11 

4 

44 

IV 

F3 

11 

44 

4 

Wise 

Back 

Control 

60  minutes 

+ 

44 

251*68 

IV 

MAP 

it 

0 

4 

00 

It 

D5 

11 

0 

4 

11 

F3 

ti 

0 

4 

Back 

Control 

120  minutes 

+  4 

44 

11 

MAP 

ir 

4 

44 

it 

D5 

n 

4 

44 

ir 

F3 

11 

+ 

44 
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E^^RI'-ENT  6:  Comparison  of  MAP,  MAP  (Dg)  and  F3  Preparations  after  Exorcise 

MAP  +  30  minutes  exercise  +  minutes  and  90  minutes  sun  exposure 
D5  +  30  minutes  exercise  +  hS  minutes  and  90  minutes  sun  exposure 
F3  +  30  minutes  exercise  +  kS  minutes  and  90  minutes  sun  exposure 


Object ; 


Exercise 
Schedule  : 


Number  of 
Subjects : 


After  1  application  of  MAP,  or  F3  preparations  and  30  minutes 
exercise,  evaluate: 

a)  the  degree  of  erythema  after  hS  minutes  and  90  minutes  sun  exoosure. 

b)  the  degree  of  tan  between  3  and  5  days. 


Running  and  walking  10  minutes,  calisthenics  10  minutes,  and 
basketball  10  minutes.  The  subjects  wore  clothes  during  exercise 
after  application  of  preparations. 


a 


Results : 


Conclusion: 


1)  After  1  application  and  a  schedule  of  30  minutes  exercise  with 
heavy  sweating,  MAP  and  D5  preparations  provided  100, ’5  protection 
when  sun  exposure  period  was  limited  to  u^minutes.  Under  the 
same  conditi  ns,  F3  preparation  was  not  as  effective  as  MAP  or 
D5  in  affording  protection. 

2)  MAP  and  D5  preparations  also  provided  quite  satisfactory  protection 
for  a  period  of  90  minuccc  sun  exposure.  F3  preparation,  however, 
was  not  effective  in  providing  protection  against  90  minutes  sun 
exposure. 


1)  The  frictional  contact  with  the  clothes  and  the  sweating  during 
exercise  period  did  not  remove  the  protective  film  of  PABA. 

2)  Map  and  D5  preparations  appeared  to  be  equally  effective.  Both 
provided  significant  protection  against  US  and  90  minutes  sun 
exposure. 

3)  F3  preparation  was  only  effective  up  to  '4%  minutes  sun  exposure. 
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EXPERIMENT  6: 


Object: 


Results : 


Conclusions: 


Comparison  of  %  MAP,  MAP  (Dg)  and  F3  Preparations  after  Exercise 


After  1  application  of  MAP,  Df>  or  F3  preparations  and  30  minutes 
exercise  plus  and  90  minutes  sun  exposure,  evaluate: 

a)  the  degree  of  tanning  in  control  (untreated)  areas  after  96  hrs. 

b)  the  degree  of  tanning  in  MAP,  Dp  and  F3  treated  areas  after  96  hrs. 


When  compared  to  the  control  (untreated)  areas,  MAP  and  D5  prepara¬ 
tions  provided  significant  protection  against  sunburn  after  US  and 
90  minutes  sun  exposure.  F3  preparation  was  only  effective  up  to 
U5  minutes  sun  exposure.  In  spite  of  this  significant  protection 
by  MAP  and  D5  preparation,  the  degree  of  tanning  was  of  the  same 
magnitude  as  that  observed  in  the  control  (untreated)  sunburned 
areas.  The  tanning  response  in  the  F3  treated  areas  was  similar 
to  that  observed  in  the  control  areas. 


Both  MAP  and  D5  preparations  reveal  two  most  important  properties: 

1)  Both  provide  significant  protection  against  solar  radiation 
and  prevent  sunburn. 

2)  Both  allow  the  desired  tanning  without  the  discomforts  of  sunburn. 

The  concentration  of  the  active  ingredients  in  the  F3  preparation 
is  not  adequate  enough  to  obtain  desireable  tanning  without  evoking 
sunburn . 
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EXPERIMENT  6: 

Comparison 

of  $%  MAP,  MAP  (D5) 

and  F3  Preparations  after  Exercise 

Subject  & 
Prison  # 

Site 

Preparation 

Period  of 

Sun  Exposure 

Degree  of  Tanning 
after  96  Hours 

Visible  Visible 

Redness  Tanning 

Mathews 

Back 

Control 

kS  minutes 

+ 

+ 

25788 

ti 

MAP 

ii 

0 

+ 

(1) 

it 

D5 

ti 

0 

+ 

it 

F3 

ii 

0 

+ 

Back 

Control 

90  minutes 

+ 

++ 

ti 

MAP 

ti 

+ 

++ 

ii 

d5 

it 

+ 

++ 

it 

F3 

it 

+ 

++ 

Saunders 

Back 

Control 

h5  minutes 

+ 

27165 

ii 

MAP 

ii 

0 

+ 

(2) 

ti 

D5 

ti 

0 

+ 

ti 

F3 

it 

+ 

+ 

Back 

Control 

90  minutes 

+++ 

++ 

ii 

MAP 

it 

+ 

++ 

ii 

d5 

ii 

+ 

++ 

it 

F3 

it 

++  + 

++ 

'3o 
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EXPERIMENT  6j 


Comparison  of  %  MAP,_  MPjg).  and  F3  ^ara^s,a^rj^erclse 


Degree  of  Tanning 
after  96  Hours 


Subject  & 
Prison  # 

Site 

Prep  aration 

Sun  Exposure 

Visible 

Redness 

Visible 

Urry 

Back 

Control 

minutes 

+ 

•»  *■**» i*  1  n ^ 

++ 

?7087 

ii 

MAP 

ii 

0 

+ 

(3) 

n 

D5 

it 

0 

+ 

ii 

F3 

it 

0 

4 

Back 

Control 

90  minutes 

++ 

it 

MAP 

11 

+ 

r 

it 

D5 

It 

0 

4 

it 

F3 

ft 

0 

4 

Hanna 

Back 

Control 

hS  minutes 

0 

+ 

25997 

it 

MAP 

ii 

0 

+ 

(h) 

ii 

D5 

1? 

0 

4 

ii 

F3 

If 

0 

+ 

Back 

Control 

90  minutes 

+ 

+4 

it 

MAP 

it 

+ 

44 

ii 

D5 

n 

4 

4  + 

it 

F3 

it 

44 

44 
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EXPERIMENT  7 :  Comparison  of  S%  MAP,  D$  and  F3  Preparations  after  1 5  Minutes  Swimming 

MAP  +  IS  minutes  swimming  followed  by  US  and  90  minutes  sun  exposure 
D5  +  15  minutes  swimming  followed  by  and  90  minutes  sun  exposure 
F3  +  15  minutes  swimming  followed  by  1*5  and  90  minutes  sun  exposure 


Object:  After  1  application  of  MAP,  D5  or  F3  preparations  and  15  minutes 

swimming,  evaluate: 

a)  the  degree  of  erythema  after  US  and  90  minutes  sun  exposure. 

b)  the  degree  of  tan  between  3  arid  5  days. 

Number  of 
Subjects:  U 


Results:  After  1  application  and  15  minutes  swimming,  a  satisfactory  protective 

effect  of  MAP  or  D5  was  observed  up  to  US  minutes  sun  exposure  period. 
Back  areas  exposed  to  90  minutes  solar  radiation  revealed  less  satis¬ 
factory  protective  effect  of  MAP  and  D5.  F3  preparation  was  not 
exerting  the  desireable  protective  effect  after  US  or  90  minutes  sun 
exposure.  The  concentration  of  the  active  ingredient  PABA  in  this 
preparation  is  not  optimum  to  provide  the  desired  protective  effect. 


Conclusions :  1)  After  1  application  and  If?  minutes  swimming,  HAP  and  D5  preparations 

can  provide  adequate  protection  against  US  minutes  sun  exposure. 

2)  It  is  apparent  that  the  active  ingredient  PABA  is  definitely 

conjugating  chemically  with  the  horny  layer.  However,  the  amount 
cf  PABA  that  is  left  on  the  surface  of  the  homy  layer  after  15 
minutes  swimming  is  not  sufficient  to  offer  satisfactoiy  protection 
against  90  minutes  solar  radiation.  Exposure  of  the  back  for  90 
minutes  of  solar  radiation,  particularly  in  the  horizontal  position, 
is  certainly  a  big  challenge  and  to  provide  complete  protection 
against  such  an  intense  radiation,  one  must  have  more  molecules  of 
PA13A  left  on  the  surface  of  the  skin  after  swimming# 


Right  Leg  Control 
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EXPERIMENT  7: 


Object: 


Results: 


Conclusions: 


Comparison  of  %%  MAP,  D$  and  F3  Preparations  after  1$  Minutes  Swimming 


After  1  application  of  MAP,  D5  or  F3  preparations  and  15  minutes 
swimming  followed  by  U5  and  90  minutes  sun  exposure,  evaluate  the 
degree  of  tanning  at  the  end  of  96  hours. 


After  1  application  and  15  minutes  swimming,  the  protective  effect 
of  MAP  or  D5  was  observed  only  up  to  U5  minutes  sun  exposure.  After 
90  minutes  solar  irradiation,  MAP  and  D5  preparations  revealed  no 
satisfactory  orotective  effect.  F3  preparation^  was  not  exerting 
any  satisfactory  protective  effect  after  U5  and  90  minutes  sun  exposure. 
However,  one  important  observation  is  worth  pointing  out  in  this  exper¬ 
iment,  and  that  is  the  remarkable  difference  of  the  residual  erythema 
after  96  hours  between  the  control  (untreated)  areas  and  the  areas 
treated  with  MAP  or  D5.  After  U  days,  the  control  (untreated)  areas, 
particularly  those  that  received  90  minutes  sun  exposure,  showed 
still  significant  redness,  whereas  the  MAP  and  D5  treated  areas  had 
no  residual  redness.  The  tanning  response  was  practically  identical 
in  control  (untreated)  areas  and  areas  treated  with  MAP,  D5  or  F3 
preparations. 


Desireable  tanning  of  the  skin  can  be  achieved  without  producing 
significant  sunburn  response.  MAP  and  D5  preparations  minimize 
the  sunburn  response  and  yet  allow  tanning  to  proceed. 


t 
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EXPERIMENT  7:  Comparison  of  5%  MAP,  Dj?  and  F3  Preparations  after  1$  Minutes  Swimming 


Degree  of  Tanning 
after  96  Hours 


Subject  & 
Prison  # 

Site 

Preparat ion 

Period  of 

Sun  Exposure 

Visible 

Redness 

Visible 

Tanning 

Chandler 

Back 

Control 

U5  minutes 

+ 

++ 

27673 

it 

MAP 

it 

0 

++ 

(1) 

it 

D5 

it 

0 

++ 

tt 

F3 

tt 

+ 

++ 

Back 

Control 

90  minutes 

+++4 

+++ 

it 

MAP 

tt 

+ 

+++ 

tt 

D5 

tt 

+ 

+++ 

it 

F3 

it 

++ 

+++ 

Trimble 

Back 

Control 

U5  minutes 

++ 

+ 

27872 

it 

MAP 

it 

+ 

+ 

(2) 

tt 

DS 

tt 

+ 

+ 

tt 

F3 

it 

+ 

+ 

Back 

Control 

90  minutes 

++++ 

++ 

tt 

MAP 

it 

+  + 

++ 

it 

D5 

it 

++ 

++ 

P 

it 

F3 

tt 

++ 

++ 
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Experiment 


Subject  & 
Prison  # 

Pace 

27372 

(3) 


Sieling 

27758 

OO 


Site 

Preparation 

Period  of 

Sun  Exposure 

Visible 

Redness 

Visible 

Back 

Control 

hS  minutes 

0 

ioTininp 

+ 

It 

MAP 

II 

0 

+ 

tr 

D5 

ft 

0 

+ 

it 

F3 

It 

0 

+ 

BacK 

Control 

90  minutes 

0 

++ 

tr 

MAP 

tt 

0 

++ 

it 

D5 

tr 

0 

++ 

tt 

F3 

ft 

0 

++ 

Back 

Control 

minutes 

0 

+ 

it 

MAP 

it 

0 

tt 

D5 

ii 

0 

+ 

it 

F3 

n 

0 

+ 

Back 

Control 

90  minutes 

+ 

++ 

it 

MAP 

ii 

0 

it 

D5 

ii 

+ 

+*f 

tt 

F3 

it 

+ 

+  H 

/JP 
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EXPERIMENT  8» 


Object: 


Number  of 
Subjects: 


Results: 


Conclusions: 


Comparison  of  $%  MAP ,  Escalol  506  (Q)  and  UVAL  Preparations  without 
Exercise  or  Swimming 


MAP  +  60  and  120  minutes  sun  exposure  without  exercise  or  swimming 
Q  +  60  and  120  minutes  sun  exposure  without  exercise  or  swimming 
U/AL  +  60  and  120  minutes  sun  exposure  without  exercise  or  swimming 


After  1  application  of  MAP,  Q  or  UVAL  preparations  and  without 
subjecting  the  volunteers  to  any  schedule  of  exercise  or  swimming, 
evaluate : 

a)  the  degree  of  protection  after  60  and  120  minutes  sun  exposure* 

b)  the  degree  of  tanning  after  1*  days* 

c)  the  affinity  of  MAP,  Q  or  UVAL  to  remain  on  the  stratum 
comeum  under  diy  and  hot  sunny  weather  conditions. 


2 


After  1  application  of  MAP  without  any  exercise  or  swimming, 
MAP  was  found  to  be  most  effective  preparation  that  provided 
very  satisfactory  protection*  Preparation  0  also  provided 
the  desired  protection  but  in  comparison  with  MAP  was  slightly 
less  effective*  UVAL  was  not  as  effective  as  Q* 

Without  swimming  or  exercise,  preparations  MAP  and  0  provide 

veiy  satisfactoiy  protection  against  60  and  120  minutes  sun 
exposure* 
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EXPERIMENT 


Object: 


Results: 


ARIZONA  STATE  PRISON  CLINICAL  TRIAL,  SEPTEMBER  1967 

Comparison  of  $%  MAP,  Escalol  $06  (G)  and  UVAL  Preparations  without 
Exercise  of  Swimming 


After  1  application  of  MAP,  G  or  UVAL  preparations  without  exercise 
or  swimming,  evaluate:  The  tanning  response  at  96  hours  after  60 
and  120  minutes  sun  exposure* 


produced  definite  tanning  in  MAP,  UVAL  and  G  treated 
areas.  The  tanning  response  was  not  inhibited,  although  the 
aiythemal  response  at  2h  hours  after  60  and  120  minutes  sun 
axposuw  ws  8ither  ab88nt  °r  minimal  in  areas  Seated  with  MAP, 


The  degree  of  tanning  in  the  control 
than  in  MAP,  UVAL  or  G  treated  areas* 


(untreated) 


areas  was  greater 


Conclusions:  Preparations  MAP 


or  G  allowed  tanning  without  any  visible  sunburn. 
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EXPERIMENT  9i  ^Comparison  of  $%  MAP,  Escalol  506  (Q)  and  UVAL  Preparations  after 

Exercise 


MAP  +  30  minutes  exercise  +  hS  and  90  minutes  sun  exposure 
G  ♦  30  minutes  exercise  +  U5  and  50  minutes  sun  exposure 
UVAL  +  30  minutes  exercise  ♦  US  and  90  minutes  sun  exposure 


Object i 


Exercise 

Schedule: 


Number  of 
Subjects: 


After  1  application  of  MAP,  0  or  UVAL  preparations  and  30  minutes 
exercise,  evaluate: 

a)  the  degree  of  protection  after  US  and  90  minutes  of  sun 
exposure, 

b)  the  degree  of  tan  after  k  days. 

c)  the  affinity  of  MAP,  G  or  UVAL  to  remain  on  the  stratum 
corneum  after  a  schedule  of  heavy  exercise  leading  to 

profuse  perspiration  under  dry  and  hot  sunny  weather  conditions, 

O 

At  90  F,  running,  walking  and  calisthenics  for  30  minutes. 

The  volunteers  had  clothes  on  during  exercise. 


2 


Results: 


Conclusions: 


After  1  application  and  a  schedule  of  30  minutes  exercise  with 

m  Wff  S°U?d  1X3  b9  the  m08t  effective  preparation 
nat  provided  very  satisfactory  protection  against  hS  and  90 

minutes  sun  exposure.  The  commercial  product  UVAL  and  the 

r*r.e;  how,v,r<  "ot  Providing  the  desired  protection, 
rnese  two  preparations  appeared  to  be  removed  as  a  result  of 

eff«U«  tlTv°^nSly'  pr<>par‘U°n  0  ““  f°und  to  be  more 

C!rtlil’i£  appears  to  have  a  definite  affinity 

md  BWMtinv  hL!“rL*^  ?fhorPr  1‘«rar  after  30  minutes  exercise 

clothinfti  +  h  uldth  *5®  abra8ive  action  “d  contact  of 

remain  on^hi  ^  8Urface'  durlnS  exercise,  MAP  tends  to 
remain  on  the  horny  layer  and  affords  excellent  protection. 

aoD e ar e 1 !^d  UVAL  W*re  significantly  less  protective  and 

^s„tV:o”dn“„jrv,d  fro" th6  *in  8urfacs  und8r 


« 


I 
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EXPERIMENT 


Object: 


Results: 


Conclusions 


9-'  ol  1%  MAP,  Sscalol  506  (0)  or  um  Prmaratlons  ^ 

Exercise 


After  1  application  of  MAP.  G  or  UVAL  Pranar-aH™,* 

exercise  followed  hv  ),cr  on  4  *  ^reparations  and  30  minutes 

“sS^r  OTs  SW£ 


Wa^V^3  Preparations  did  not  inhibit  the  tanning  response 

?&5  ~  asss!  :rr 


LXi^/fiLh6p«pLa«oneMtfTf0S^1thOUt1aV°king  -W 

sunburn  and  also  promoted  tanninu  p  C0Inp^®te  Protection  against 
which  did  not  sSow  apprecJib?;  3?  like  UVAL> 

promotad  tanning  of  the  same  order  as  that  obs^d®?  SUnburn> 
(untreated)  exposed  areas.  th  *  obs0rved  in  control 
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SSMgg  9=  .Comparison  of  5 %  MAP,  Eacalol  $06  (0)  and  UVAL  Preparations  aftnr 

Exercise 


Degree  of  Tanning 
after  96  Hours 


Subject  & 
Prison  # 

Site 

Preparation 

Period  of 

Sun  Exposure 

Visible 

Redness 

Visible 

Tanninp 

Cuzick 

2701*3 

Back 

CONTROL 

hS  minutes 

+ 

+ 

(1) 

it 

MAP 

ii 

0 

+ 

it 

UVAL 

1! 
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+ 

it 

Q 

It 

+ 

+ 

ii 

CONTROL 

90  minutes 

+++ 

■M 

ti 

MAP 

ii 

0 

+  -f 

it 

UVAL 

ii 

++ 

++ 

ii 

G 

it 

f+ 

++ 

Radnor 

261*63 

Back 

CONTROL 

hS  minutes 

+ 

++ 

(2) 

n 

MAP 

ti 

0 

+ 

n 

UVAL 

ii 

0 

++ 

ii 

G 

ii 

0 

++ 

ii 

CONTROL 

90  minutes 

++ 

+++ 

n 

MAP 

it 

0 

+++ 

n 

UVAL 

ft 

++ 

+  ++ 

ii 

G 

It 

++ 

+ 1-+ 

//9 
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EXPERIMENT  lOi 


Object; 


Swimming 
Schedule ; 

Number  of 
Subjects; 


Remits: 


Conclusions; 


Comparison  of  $%  MAP,  Escalol  506  (G)  and  UVAL  Preparations  after 


Swimming 


MAP  +  15  minutes  swimming  +  US  and  90  minutes  sun  exposure* 

G  +  15  minutes  swimming  +  kS  and  90  minutes  sun  exposure* 
UVAL  +  15  minutes  swimming  +  hS  and  90  minutes  sun  exposure. 


After  1  application  of  MAP,  G  or  UVAL  preparations  and  15 
minutes  swimming,  evaluate: 

a)  the  degree  of  protection  after  hS  minutes  and  90  minutes 
sun  exposure. 

b)  the  degree  of  tan  after  ij  days. 

c)  the  affinity  of  MAP*  0  and  UVAL  to  remain  on  stratum  comeum 
after  swimming. 


15  minutes  swimming  at  78  F  water  temperature. 


After  1  application  and  15  minutes  swimming,  preparation  MAP 
showed  definite  but  not  absolute  protection  against  US  and 
90  minutes  sun  exposure. 

The  preparation  G  appears  to  be  more  effective  than  MAP.  In 
one  subject  it  provided  complete  protection  after  1*5  and  90 
minutes  sun  exposure. 

The  preparation  UVAL  provided  very  little  protection  against 
1*5  and  90  minutes  sun  exposure. 

Preparation  G  certainly  appears  to  have  definite  vf Unity  to 
remain  on  the  surface  of  homy  layer  after  swimming.  It  is 
not  washed  away  and  removed  as  UVAL. 

Preparation  MAP  was  also  found  to  provide  definite  protection 
after  1*5  and  90  minutes  sun  exposure.  It  must  be  stated, 
however,  that  complete  protection  without  evoking  any  sunburn 
response  is  not  easy  to  obtain.  The  number  of  molecules  of 
PABA  that  are  left  attached  on  the  surface  of  the  homy  layer 
are  not  sufficient  enough  to  provide  complete  protection. 
Preparation  UVAL  was  found  to  be  least  effective  in  providing 
any  protection  after  swimming. 
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•EXPERIMENT 


Object; 


Results; 


Conclusions 


-  Sts**™  ol  5%  map,  Escalol  506  (s)  and  um  Preparations  after 

Swimming 


\  I  aPP+ication  uA  n at,  u  or  uval  preparations  and  15 

foliowed  by  ^  and  90  minutes  sun  exposure, 

and  u vat  tr8  x9fre8  0f  tannil  S  in  control  (untreated),  MAP  q 
and  UVAL  treated  areas  after  96  hours  post  exposure. 


In  experiment,  the  preparation  Q  was  found  to  bo  more 
protective  against  sunburn  than  MAP.  The  control  (untreated) 

S?"  S  »de90  Hith  UVA1  eXhiblt<>d  sunburn 

r  L5  and  90  minutes  sun  exposure  and  yet,  the  degree  of 

tanning  observed  in  the  control  (untreated)  L-eas  2™ 

SuT  Soul  ^5  T’  °  °r  "VAL’  MaS  P™41^  the  ». 

I™0  Producing  any  appreciable  sunburn,  desirable 
trert^d  w  S  been  aChieTed  in  both  the  0  and  MAP 


Although  the  preparations  MAP  and  G  afford 
sunburn,  they  do  not  inhibit  tanning. 


protection  against 
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EXPERIMENT  10* 

Comparison 

of  $%  MAP* 

Escalol  506  (G)  and  UVAL  Preparations  after 

Subject  & 
Prison# 

Site 

Preparation 

15  Minutes  Swimming 

Sun  Exposure 

Degree  of  Tanning 
after  96  Hours 

Visible  Visible 
Redness  Tanning 

Peats 

2U3UU 

Back 

CONTROL 

i*5  minutes 

0 

++ 

(1) 

It 

MAP 

tt 

0 

It 

UVA1 

it 

+ 

++ 

It 

0 

tt 

0 

++ 

It 

CONTROL 

90  minutes 

++ 

+++ 

It 

MAP 

n 

+ 

+++ 

tl 

UVAL 

n 

++ 

+♦+ 

It 

G 

tt 

0 

+++ 

Devinney 
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» 
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++ 

++ 

(2) 

n 

MAP 

n 

+ 

+♦ 

tt 

UVAL 

n 

++ 

+♦ 

tt 

G 

it 

+ 

♦+ 

tt 

CONTROL 
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♦++ 

+++ 

tt 

MAP 

n 

++ 

++♦ 

tt 

UVAL 

it 

+++ 
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it 

G 

it 

++ 
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EXPERIMENT  lit  Comparison  of  the  Protective  Effect  of  $%  MAP,  MAP  (D$)  and  UVAL  under 


Object: 


Results: 


Conditions  Simulating  Normal  Usage 


Normal  conditions  of  use  include  swimming,  lying  on  the  back 
and  in  the  prone  position,  walking  and  running  around  the  court 
and  sitting  in  the  sun# 


After  one  application  of  MAP,  D5  or  UVAL  preparations,  evaluate 
the  protective  qualities  of  these  preparations  under  the  following 
normal  cnnd.i  '  ions  of  use: 


11:30  a.m# 


11:50  -  ]?*00 
12:00  -  12:15 
12:15  -  12:35 
12:35  -  12:55 
12:55  -  1:20 
1:20  -  1:30 
1:30  -  1:1*0 
1*1*0  -  2:00 
2:00  -  2*15 
Total  exposure: 


1  application  of  MAP  preparation  on  1/2  the  bocfy 
surface  (front  as  well  as  back)#  The  other  half 
received  either  D5  or  UVAL  preparations#  In  the 
center  of  the  back  as  well  as  in  front  a 
rectangular  area  (approx.  1*"  x  5")  was  left  as  a 
control  (untreated)  area. 

Swimming 

Sitting  and  incidental  drying  in  the  sun# 

Front  exposure  in  the  lying  position 
Back  exposure  in  the  prone  position 
Walk  around  court  in  the  sun 
Run  around  court  in  the  sun 
Swimming  at  86°f  water  temperature 
Front  exposure  in  the  lying  position 
Back  exposure  in  prone  position 

2  hours  and  15  minutes 

a)  Stationary:  Front  -  1*0  minutes,  Back  -  35  minutes 

b)  Mobile:  60  minutes 


Total  time  of  swimming:  20  minutes 


Under  these  normal  conditions  of  use,  preparation  MAP  was  found  to 
provide  excellent  protection  to  both  the  subjects.  This  preparation 
certainly  appeared  to  remain  on  the  surface  of  the  skin  even  after 
swimming,  running,  sweating  and  lying  conditions.  MAP  (D5)  also 
provided  fairly  satisfactory  protection#  However,  this  preparation 
was  slightly  less  effective  than  MAP.  UVAL  was  found  to  be  least 
effective  and  appeared  to  have  been  washed  away  after  swimming  and 
sweating. 


/ST 


(continued) 


EXPERIMENT  lit  (continued) 


Comments i 


In  this  experiment,  an  attempt  has  been  made  to  evaluate  the 

6Ct  of  **•  «  OVAL  preparations^under^normal 

lastine°10  Th”3*  includad  »t  Iwt  two  swimming  periods 

ff"  10  minutes  each,  two  exposure  periods  (1  stationary  and 

1  mobile)  lasting  for  2  hours  and  15  minutes,  one  walkin^and 

running  around  period  of  25  minutes  duration  that  produced 

conditions  8b^thaMlpS*  / nS®'  Under  OTch  riSorous  experimental 
conditions,  both  MAP  and  D5  preparations  provided  very  satis- 

^PrKtefi!n-  Und,r  simllar  exP®rimental  conSw 

bhe  besb  know”  end  widely  used  commercially  available 
product,  was  found  to  be  ineffective.  7  available 


ARIZONA  STATE  PRISON  CLINICAL  TRIAL 


APRIL,  1968 


Introduction;  The  following  sunscreen  preparations  were  evaluated: 

1.  Formula  MAP  (D5)  contains  yk  para-aminobensoic  acid  in  70'5  ethyl 
alcohol,  pii  U.8,  and  5  k  w/v  oleyl  alcohol,  as  emollient. 

2.  Formula  G,  contains  2.55  Eskalol  506  (iso  amyl  p-n,  n-dimethyl 
aminohenzoate  or  glyceryl  para-aminobenzoate )  in  65-70/5  ethyl 
alcohol. 

3.  Modified  G,  contains  approximately  5*5  Eskalol  506  in  63-65%  ethyl 
alcohol. 

h*  Skolex,  a  commercial  preparation  (J.  E.  Williams  Company,  Inc., 
Cranford,  K.  J.)  contains  iso-amyl  p-n,  r- dimethyl  aminohenzoate 
in  a  cream  base.  This  preparation  was  included  for  comparative 
studies. 

In  our  experience  we  find  Skolex  and  UVAL  (Dome  laboratories,  Wes  thriven, 
Conn.)  to  be  better  sunscreen  preparations  than  other  commercial  prepara¬ 
tions).  UVAL  was  evaluated  in  our  earlier  clinical  trial  and  was  frund  to  be 
loss  effective  than  MAP  (D5). 


Experiments  w  1-3  were  designed  with  the  following  objectives: 

1.  To  establish  the  relationship  between  the  time  of  application  of 
sunscreen  preparations  ard  sun  exposure,  i.e.,  to  determine  whether 
there  exists  an  optimum  application-exposure  interval. 

2.  To  establish  whether  G  or  MG,  the  preparation  containing  glyceryl 
para-aminobenzoate  are  as  effective  as  MA?  (D5)  unoer  conditions  of 
exercise  accompanied  by  sweating  and  swimming.  The  laboratory  studies 
with  ultraviolet  radiation  from  artificial  light  sources  have  indicated 
that  only  para-aminobenzoie  acid,  when  incorporated  into  ethyl  alcohol, 
can  remain  on  the  surface  of  the  horny  layer  even  after  repeated  wash¬ 
ings  with  water.  Other  cream  bases  that  are  available  in  the  commercial 
sunscreen  preparations,  do  not  allow  the  light  absorbing  active  ingred¬ 
ient  to  remain  on  the  stratum  corneum.  They  are  either  eluted  or 
washed  away  as  a  result  of  sweating  and  swimming  and  are,  practically 
speaking,  ineffective  in  affording  satisfactory  protection  against 
solar  radiation. 

Experiment  U  was  designed  to  determine  whether  a  single  application  of  test 
preparations  TlAP  (.D5),  G,  Skolex)  has  any  prolonged  protective  effect.  If  a 
compound  has  an  affinity  to  remain  adsorbed  and  chemically  bonded  with  the  horny 
layer,  then  under  normal  daily  activities  of  individuals,  it  should  still  remain 
on  the  skin  on  the  following  day  and  afford  protection  against  sun  exposure. 


inrtC?„  :f,iD3)  ha-  b'e"  sh0lm  t0  reiJain  on  the  horny  layer  (both  under  in  vitro 

t"  r VXDe  "al  ““•ittO")  »««r  washings  with  water,  it  was  essential 

to  know  wfietner  preparations  r-  —  u_i - j  m 


G  and 


-'kolex  behaved  in  the  similar  manner, 


War.«Ssfe\d  i°  determine  whether  single  or  multiple  applications 

hf?  tl0n!  (D^)j  and  Skolex  are  essential  before  sun  exposure  to 

obtain  the  most  desirable  protection. 

£x£eriment  6  was  designed  to  determine  the  relative  efficacy  of  preparations 
?  G  and  Skolex  and  Snootie  (contains  2. Si  Escalol  506  in  a  vanishing 

normal  us a^Seawand  C°rRoration>  Reno>  Nevada)  under  conditions  simulating 
" ZZl  r?’  U  conditions  of  use  include  those  activities  that  one  would 
~r„fer  to  do  on  a  beach  on  a  bright  and  warm  day, 

trie  relatiVe  Prot«ctiv*  e^cy  of  preparation 
It  "is  IpItV5  u’*  ^?"tr:methyl  Psoralen  (T?P) -induced  photosensitization. 

I  ls  weib  known  that  when  TMP  is  given  orally  to  human  subjects  and  their  skin 
is  exposed  to  solar  radiation,  a  photosensitization  response  manifested  by  an 

ortn!!^+d  sunbun\--?  observed.  It  was  therefore  desirable  to  know  whether  these 
preparations  can  inhibit  or  block  the  TMP-induced  cutaneous  photosensitization. 

fni3?rnatiCnS  e.ath?red  on  £ifty  volunteers  in  this  clinical  trial  lead  us  to  the 
following  conclusions: 


1. 


h* 


S. 


and  G  are  °y  *’ar  the  best  sunscreen  preparations  that  afford 
reproducible  and  yet  most  satisfactory  protection  against  strong  intensity 
°~  solar  radiation.  ■„/«  believe  that  when  no  activity  (e.g.,  swimming 
or  exercise  with  sweating)  is  planned,  a  single  applic  tion  of  these" 
preparations  can  provide  total  protection  to  individuals  for  the  entire 
day  unaer  hot  and  dry  climatic  conditions# 

/A?  (B5)  and  G  preparations  are  not  entirely  eluted  as  a  result  of 
profuse  sweating.  An  effective  concentration  of  the  light  absorbing 

,sti11  rG,nfina  on  the  surface  of  the  horny  layer  after  sweating 
and-'afforas  very  satisfactory  protection  against  solar  radiation. 

Likewise,  after  a  single  application  of  MAP  (D5)  and  G,  and  IS  minutes 
stajuing,  these  preparations  are  not  easily  removed  and  eluted  from  the 
surface  of  the  horny  layer.  They  remain  either  adsorbed  or  chemically 
.onded  to  the  surface  of  the  skin  and  exert  very  effective  protection 
up  to  2  hours  of  sun  exposure. 

There  is  nc  minimum  period  required  for  the  applied  preparation  to 

react  with  the  skin  to  exert  its  maximum  protective  effect  against  solar 
radiation. 

Preparation  0  appears  not  to  bind  chemically  with  the  horny  layer.  It 

4?n  ^emoved  with  repeated  washings  with  water.  However,  prepara- 

h  .  ?  i  ,S  have  a  ,:reat  affinity  t0  conbine  chenically  and  remain 
bondea  with  the  stratum  corneum.  This  is  supported  by  the  observation 

concerning  the  prolonged  protective  effect  of  MAP  after  a  single  appli- 
cation  and  also  by  the  data  on  the  chemical  binding  of  PABA  obtained  with 
isolated  pieces  of  epidermis. 


Relationship  between  Time  of  Application  and  Sun  Exposure  under 
Conditions  of  No  Exercise  (Sweating)  and  Np  Swimming 

Preparations  to  be  Evaluated:  Formula  G,  Skolex,  Formula  MAP  (D5)  and  modified  G  (M3) 


Object! 


Number  of 
Subjects: 


1)  To  determine  wnether  there  exists  an  optimum  application-exposure 
interval,  i.e,,  to  know  whether  after  one  application  of  these 
test  preparations,  there  is  a  minimum  time  for  the  applied  prepara¬ 
tion  to  react  with  the  skin  to  exert  its  maximum  protective  effect, 

2)  After  one  application,  compare  the  efficacy  of  preparations  G, 
Skolex,  MAP  (D5)  and  MG  under  conditions  of  no  exercise  and  no 
swimming, 

3)  To  determine  whether  G,  the  preparation  containing  2.5^  Glyceryl 
paraaminobenzoate,  in  65-70;?  alcohol,  is  as  effective  as  MAP  (D5)« 


Plan  of 

Experiment :  a)  Activity:  none,  i.e.,  no  exercise  or  swimming. 

b)  Taping:  Masking  tape  was  applied  to  the  subjects'  backs  to  prevent 
mixing  of  test  preparations. 

c)  Application  of  the  test  compounds:  The  test  preparations  were 
applied  to  the  appropriate  spaces  as  indicated  below: 

Subject's  Back 


Left  Side 


Right  Side 


CON  G 


CON  SX 


CON  SX 


Sun  Exposure  -  1^5  Min  -  -  S 


Lb?  |  GUN 
^  —90  Min-  y 


control  area 
Formula  G 
Skolex 

Preparation  MAP 
Modified  G 


Subjects  1  to  8 

"  1  to  6 

"  1  to  8 

»  1  to  6 

"  7  and  8 


MED:  Minimal  erythema  dose  was  determined  for  most 

of  the  subjects  by  exposing  the  lower  portion  of 
the  back  for  10,  15,  20  &  30  minutes  solar  radiation. 


r 


Expt,  1  (continued) 


d)  Subjects  #  1  to  3:  Between  0  to  1$  minutes  after  application  of 
preparations  G,  Skolex  and  MAP  (D5),  the  subjects  were  exposed 
to  U5  and  90  minutes  solar  radiation. 

Subjects  #  It  to  6:  Thirty  minutes  after  application  of  prepara¬ 
tions  G,  Skolex"  and  MAP  (D£),  the  subjects  were  exposed  to 
and  90  minutes  of  solar  radiation. 

Subjects  #  7  and  8:  Thirty  minutes  after  application  of  prepara¬ 
tions  Skolex,  MAP  (D$),  and  M},  the  subjects  were  exposed  for 
and  90  minutes  of  solar  radiation. 

e)  Evaluation  of  the  results:  Exposed  areas  were  evaluated  at  2U  and 
1*8  hours  after  exposure  for  the  degree  of  erythema  and  tanning 
(IPD  or  immediate  pigment  darkening  response)  both  by  visible 
gradation  of  redness  and  by  skin  reflectance  measurements. 

Results;  The  following  conclusions  can  be  drawn  from  the  data  obtained  on  8 

subjects  after  exposure  to  solar  radiation  for  lij>  and  90  minutes. 

1)  There  is  no  minimum  waiting  period  required  for  the  applied 
preparation  to  react  with  the  skin  to  exert  its  maximum  sun- 
protective  effect.  The  subjects  (#  1  to  3)  that  were  exposed 

0  to  1$  minutes  after  application  of  Formula  G,  Skolex,  and  MAP 
(D^)  showed  about  the  same  degree  of  protection  as  compared  to 
those  subjects  (#  h  to  8)  that  were  exposed  30  minutes  after 
application  of  the  compounds. 

2)  Preparation  G  appears  to  be  as  good  as  MAP  (D5).  This  observa¬ 
tion  is  very  interesting,  because  it  shows  that  when  an  ester  of 
PARA  is  dissolved  in  C^CH,  the  preparation  becomes  as 
effective  as  para-aminobenzoic  acid  in  alcohol.  We  have  previously 
used  several  commercially  available  preparations  that  contained 
glyceryl  ester  of  PABA.  But  these  preparations  were  in  no  way  as 
effective  as  MAP  (D$).  The  same  active  ingredient,  when  dissolved 
in  CpH^OH  exhibits  very  effective  sun  protection  and  this  we 
attribute  to  the  quality  of  the  vehicle. 

3)  Preparation  G  and  MG  appear  to  be  equally  effective  in  affording 
excellent  protection  under  conditions  of  no  exercise  and  no  swimming. 

U)  Preparation  Skolex  is  less  effective  than  G  or  MAP  (D$). 


nirr.&x  erythema  dose  (MED)  *  10  minutes 

Interval:  0—15  minutes  between  application  ana  exposure 


Experiment,  #  1 :  Relationship  between  Time  of  Application  and  Sun  Exposure  under  Conditions  of  No  Exercise  (Sweating) 

and  Swinmir.R  "  '  ™ 


Interval:  30  -ninutes  between  application  and  exposure 


Interval:  30  minutes  between  application  and  exposure 


I 


Experiment  2;  Relationship  between  Time  of  Application  and  Sun  Exposure  under 
Conditions  of  Exercise  Accompanied  by  Sweating 


^reparations  to  be  Evaluated:  Formula  G,  Skolex,  MAP  (DJ>)  and  Modified  G  (KG) 


Objects:  1)  To  determine  whether  there  exists  an  optimum  application-exposure 

interval  as  outlined  in  Experiment  I  under  conditions  of  30 
minutes  exercise. 


2)  After  one  application,  compare  the  efficacy  of  preparations  G, 
Skolex,  MAP  (D5)  and  MG  under  conditions  of  exercise  accompanied 
by  sweating  under  dr/  and  hot  sunny  weather. 

3)  To  determine  whether  G,  the  preparation  containing  2.5$  glyceryl 
para-aminobenzoate  in  65-70$  alcohol  is  as  effective  as  MAP  (D5). 

Number  of 
Subjects:  8 


Plan  of 

Experiment :  a)  Activity:  30  minutes  exercise,  outside  in  the  yard  before  exposure 

to  sun. 


b)  Taping:  Masking  tapes  were  applied  to  the  subjects'  backs  to 
prevent  mixing  of  the  test  preparations. 

c)  Application  of  the  test  compounds:  The  test  preparations  were 
applied  to  the  appropriate  spaces  as  indicated  below: 

Subject's  Back 


Row  Left  Side  Right  Side 


1 

CON 

G 

CON  ' 

G 

2 

CON 

sx 

CON  i 

SX 

3 

D5 

CON 

D5 

O 

O 

Sun  Exposure:  kS  Min  — ■*  90  Min  > 


CON  *= 

control  area 

Subjects  1  to  8 

G 

Formula  G 

"  1  to  6 

SX 

Skolex 

"  1  to  8 

D5 

Preparation  ’IAP 

"  1  to  8 

MG 

Modified  G 

"  7  and  8 

MED: 

Minimal  erythema 

dose  was  determined 

the  subjects  by  exposing  the  lower  portion  of  the 
back  for  10,  15,  20  h.  30  minutes  solar  radiation. 


Expt.  2  (continued) 


Results: 


/?/ 


d)  g-u-bviect3  #  1  to  3t  Between  0  to  15  minutes  after  application  of 
preparations  G,  Skolex  and  MAP  (D£),  the  subjects  carried  out  a 
schedule  of  exercise  for  30  minutes  that  included  running  and 
fast  walking,  calisthenics  and  basketball.  Volunteers  did  not 
r6  sbirts  or  undershirts  on  during  exercise.  After  exe-cise, 
the  subjects  were  exposed  to  solar  radiation  for  U5  and  90  minutes. 

Subjects  h  to  6:  Thirty  minutes  after  application  of  preparations 
G,  ok o lex,  and  MAP  (D$),  the  subjects  exercised  for  30  minutes  and 
then  received  sun  exposure  for  i*$  and  90  minutes. 

t  l  ™tes  after  application  of  Skolex, 

J P  (D5)  and  i. edified  G,  the  subjects  exercised  for  30  minutes 
and  then  were  exposed  to  solar  radiation  for  k$  and  90  minutes. 


e) 


^valuation  of  Results:  Exposed  areas  were  evaluated  at  21*  and  li8 
hours  after  sun  exposure  for  the  degree  of  erythema  and  tanning 
both  by  visible  gradation  of  redness  and  by  skin  reflectance 
measurements. 


Th®  following  conclusions  can  be  drawn  from  the  data  obtained  on  8 
subjects  after  hb  and  90  minutes  sun  exposure. 


1) 


2) 


3) 


h) 


minimum  waiting  period  required  for  the  applied  prepara- 

I  aact  the  skln  t0  exert  its  maximum  sun-protective 
effect.  The  protective  effect  was  practically  identical  in  0  to 
±b  minutes  and  30  minutes  interval  groups . 

Unfortunately,  1*  out  of  8  subjects  that  were  selected  were  not 
easy  burners.  They  had  previously  acquired  tan  that  prevented 
their  skin  against  sunburn.  The  MED  in  these  subjects  was  over 

tLtXG  MpIdO  Lnjadiati.°n^  In  Splte  °f  this'  the  data  indicate 
r  {  /  and  m  are  very  effective  sunscreen  urepa- 

zations.  A  schedule  of  30  minutes  exercise  accompanied  by  sweating 

tions0t  elimnate  the  excellent  protective  effect  of  these  prepara- 

Preparations  G  and  MG  were  found  to  be  as  effective  as  MAP  (D$). 

: ‘1S+°bSfrViti?nJ.1S  Very  interesting  and  adds  further  support  to 

i^nnrir+S  ^  ^  iS  baS®  (ee#  the  ethyl  alcoho1)  that  is  most 
haw  ^r^1°US1  studies  with  commercially  available  preparations 

have  revealed  th-t  glyceryl  ester  of  PABA,  if  incorporated  in  bases 

jnylHaiC°h01^  are  n0t  6ffeCtive  sunscrean  Preparations! 
alcohol  baseP0Und  beCOmeS  very  effective  when  incorporated  in  an 

When  compared  against  each  other,  preparations  G,  MAP  (D5)  and  MG 

were  found  to  be  equally  effective.  Skolex  appeared  to  be  w 
effective  than  G  and  MAP  (C5).  PPeareci  to  be  less 
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Intervals  0-l5  minutes  between  application  and  exercise. 


erlnrent  #  2:  Relationship  between  Time  of  Application  and  Sun  Exposure  in  Conjunction  with  Exercise* 
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Intervals  30  minutes  between  application  and  exercise. 


riment  *  2:  Relationship  between  Time  of  Application  and  Sun  Exposure  in  Conjunction  with  Exercise 


I 


Intervals  30  minutes  between  application  and  exercise. 


Experiment  3 ‘  Relationship  between  Time  of  application  and  Sun  Exposure  in 

Conjunction  with  Swimming 


Preparations  to  be  Evaluated!  Formula  G,  Skolex,  MAP  (D5)  and  Modified  G 

Object:  1)  To  determine  whether  there  exists  an  optimum  application-exposure 

interval  as  outlined  in  Experiment  1,  under  conditions  of  15 
minutes  swimming. 

2)  After  one  application,  compare  the  efficacy  of  preparations  G, 
Skolex,  IMAP  (D5)  and  MG  under  conditions  of  15  minutes  swimming  in 
fresh  water. 


3)  To  determine  whether  preparation  G,  the  formulation  that  contains 
2.5$  glyceryl  para-aminobenzoate  in  65-70$  alcohol,  is  as  effective 
as  MAP  (E5)  under  conditions  of  sul  nig. 


Number  of 
Subjects:  8 

Plan  of 

Experiment :  a)  Activity:  15  minutes  swimming  in  a  tank  before  exposun 

b)  Taping:  Masking  tape  was  applied  to  the  subjects'  backs  to 
prevent  mixing  of  test  preparations. 

c)  Application  of  test  compounds:  The  test  preparations  were  applied 
to  the  appropriate  spaces  as  indicated  belowi 


Subject's  Back 


Row 

Left 

Side 

Right 

— 

Side 

1 

CON 

G 

CON 

G 

2 

CON 

SX 

CCN 

SX 

3 

D5 

CON 

D5 

CON 

Sun  Exposure: 


<-  bS  Min 


-■ -  90  Min 


CCN  - 

control  area 

Subjects  1  to  8 

G 

Formula  G 

11  1  to  6 

SX 

Skolex 

"  1  to  8 

d5 

Preparation  MAP 

"  1  to  8 

m 

Modified  G 

"  7  and  8 

MED: 

Minimal  erythema 

dose  was  determined 

most  of  the  subjects  by  exposing  the  lower 
portion  of  the  back  for  10,  15,  2'  30 

minutes  solar  radjation. 


Expt.  3  (continued) 


d)  Subjects  #  1  to  3;  Between  0  to  15  minutes  after  application  of 
preparations  G,  Skolex  and  MAP  (D5),  the  subjects  went  swimming 
for  15  minutes.  After  swimm'ng  they  were  exposed  to  solar  radia¬ 
tion  for  Ii5  and  90  minutes. 

Subiects  #  U  to  6:  Thirty  minutes  after  application  of  preparations 
G,  Skolex  and- MAP  (D5),  the  subjects  went  swimming  for  15  minutes. 
After  swimming  they  were  exposed  to  solar  radiation  for  \\$  and  90 
minutes. 

Subjects  #  7  and  8:  Thirty  minutes  after  application  of  preparations 
Skolex,  rlAP  (E^T'and  Modified  G,  the  subjects  went  swimming  for  15 
minutes  and  then  were  exposed  to  sun  for  U5  and  90  minutes. 

e)  Evaluation  of  the  Results:  Exposed  areas  were  evaluated  at  2h  and 
U8  hours  after  sun  exposure  for  the  degree  of  erythema  and  tanning 
by  visible  gradation  of  redness  and  by  skin  reflectance  measurements. 

The  following  conclusions  can  be  drawn  from  the  data  obtained  on  8 

subjects  after  U5  and  90  minutes  sun  exposure. 

1)  There  is  no  minimum  waiting  period  required  for  the  applied  prepara¬ 
tion  to  react  with  the  skin  to  exert  its  maximum  sun-protective 
effect.  The  protective  effect  was  practically  identical  in  0  to  15 
minutes  and  30  minutes  interval  groups. 

2)  Based  on  the  earlier  studies,  it  appears  that  G,  Skolex,  MAP  (D5) 
and  MS  are  veiy  effective  sunscreen  preparations.  They  are  not 
easily  removed  and  eluted  from  the  skin  after  swimming.  They 
remain  either  adsorbed  or  chemically  bonded  to  the  horny  layer 
and  exert  very  effective  protection  up  to  90  minutes  of  sun 
exposure. 

3)  When  compared  against  each  other,  preparations  G,  and  MS  were 
found  to"  be  better  than  Skolox  and  MAP  (D5) • 
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Interval:  0-15  minutes  between  application 


Experiment  #  3:  Relationship  between  Time  of  Application  and  Sun  Exposure''  in  Conjunction  with  lg  Minutes  Swimming 
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nterval:  0-lg  minutes  between  application  and  swimming 


Interval:  30  minutes  between  application  aid 


[nterval:  30  minutes  between  application  and  swimming 


nterval:  30  minutes  between  application  and  swimming 


Experiment  4:  Duration  of  the  Protective  Effect:  To  determine  whether  a  single 
application  of  test  compounds  has  any  prolonged  effect. 

Preparations  to  be  Evaluated:  Formula  G,  Skolex  and  MAP  (D5) 

Object:  After  one  application  of  these  test  preparations  at  24  hours  prior 

to  sun  exposure,  determine  whether  this  single  application  of  test 
compounds  has  any  prolonged  protective  effect  when  the  subjects  are 
exposed  to  solar  radiation  for  60  and  120  minutes  on  the  following 
day.  For  comparison,  evaluate  the  same  test  preparations  after  a 
single  application  at  31  minutes  prior  to  sun  exposure. 


Number  of 
Subjects :  6 


Plan  of 
Experiment : 


a)  Activity:  None,  no  exercise  or  swimming. 

b)  Taping:  Masking  tapes  were  applied  to  the  subjects'  backs  to 
prevent  mixing  of  test  compounds. 

c)  Application  of  test  compounds:  The  test  preparations  were 
applied  to  the  appropriate  spaces  as  indicated  below: 


Row  § 


1 

2 

3 

4 

G 

G 

G 

G 

SX 

SX 

SX 

SX 

D5 

D5 

D5 

D5 

Sun  exposure 


Control 
120  minutes 


Control 

1 - 9 

60  minutes 


Control=  No  preparation 
G  Formula  G 

SX  Skolex 

D5  MAP  (D5) 


Subjects  1  to  6 

M  1  to  b 

"  1  to  6 

"  1  to  6 


d)  Subject  #  1  to  6:  Day  1:  24  hours  prior  to  exposure,  test 

compounds  were  applied  to  rows  #  "2"  and  "3"  only. 

Day  2:  31  minutes  prior  to  exposure,  test 

compounds  were  applied  to  rows  §  "l"  and  "4". 

Day  2:  Rows  jf  1  and  2  were  exposed  to  sun  for 
120  minutes,  rows  #  3  and  4  were  exposed  for  60  minutes.  D  ring 


Expt.  4  (continued) 


Results : 


/» 


the  lirst  hour  of  exposure,  rows  #  1  and  2  only  were  exposed, 
while  rows  f  3  and  4  were  kept  covered  with  light-proof  papers. 

In  the  second  hour  of  exposure,  all  the  rows  are  exposed  to  sun. 

e)  lon  of  ihe  Exposed  areas  were  evaluated  at  24 

and  48  hours  after  exposure  for  the  degree  of  redness  and  tanning 
(immediate  pigment  darkening  reaction)  by  visible  gradation  of 
redness  and  by  skin  reflectance  measurements. 

The  following  conclusions  can  be  drawn  from  the  data  obtained  on 

6  subjects  after  60  and  120  minutes  sun  exposure. 

1)  Skin  areas  that  were  treated  with  preparations  G  and  Skolex  24 
hours  prior  to  exposure  showed  the  same  degree  of  erythema  after 
60  and  120  minutes  sun  exposure  as  that  observed  in  the  untreated 
control  areas.  All  the  six  subjects  showed  no  evidence  of  any 
protection.  It  was  evident  that  a  single  application  of  preparations 
G  and  Skolex  24  hours  prior  to  sun  exposure  did  not  remain  on  the 
surface  of  the  skin  and  did  not  provide  any  protection  on  the 
following  day. .  Since  there  was  no  protection,  it  is  apparent  that 
these  preparations  are  removed  from  the  surface  of  the  skin  during 
the  normal  daily  activities  of  the  subjects. 

2)  Contrary  to  the  above  observations,  a  single  application  of 

M4P  (D: )  24  hours  prior  to  exposure,  showed  an  excellent  protection 
against  60  and  120  minutes  of  solar  radiation.  This  preparation 
is  not  washed  off  from  the  surface  of  the  skin  and  appears  to 
remain  adsorbed  and  chemically  bonded  to  the  horny  layer. 

3)  Skin  areas  that  were  treated  with  preparations  G,  Skolex  and 
MAP  (D5)  30  minutes  prior  to  sun  exposure  showed  excellent  pro¬ 
tection  against  60  and  120  minutes  solar  radiation. 

4)  When  compared  against  each  other,  preparations  G  and  MAP  (D5) 
were  found  to  be  very  effective  in  protecting  against  60  and  120 
minuses  of  solar  radiation  when  applied  3b  minutes  prior  to  sun 
exposure.  Skolex  was,  however,  found  to  be  less  effective  than 
G  and  MAP  (D5). 
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Experiment  #  U:  Duration  of  Sun  Protective  Effect:  To  determine  whether  a  single  application  of  MAP  (Dg) 
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Experiment  5:  Cumulative  Effect:  To  determine  whether  protection  against  solar 
radiation  is  additive  with  repeated  applications  under  conditions 
of  no  exercise  and  no  swimming. 

Object :  After  two  applications  of  preparations  G,  Skolex  and  MAP  (D5)  at 

24  hours  and  1  hour  prior  to  sun  exposure,  determine  whether  this 
repeated  application  affords  a  better  protection  than  a  single 
application  just  30  minutes  prior  to  exposure. 

Preparations  to  be  Evaluated:  Formula  G,  Skolex  and  MA.P  (D5) 


Number  of 
Subjects :  6 

Plan  of 

Experiment :  a)  Activity:  None 

b)  Taping:  Masking  tapes  were  applied  to  the  subjects'  backs  to 
prevent  mixing  of  the  test  preparations. 

c)  Application  of  the  test  compounds:  The  test  preparations  were 
applied  to  the  appropriate  spaces  as  indicated  below: 

Subject's  Back 


Row  ft- 


G 

G 

G 

G 

SX 

SX 

SX 

SX 

D5 

D5 

D5 

D5 

Control 


Sun  exposure  6 0  minutes 


Control 


80  minutes 


d)  Day  1,  subject  #  1  to  3»  24  hours  prior  to  sun  exposure,  test 

compounds  were  applied  to  rows  §  2  and  3- 

Day  2,  subject  #  1  to  6:  1  hour  prior  to  sun  exposure,  test 

compounds  were  applied  to  rows  §  2  and  3* 

Day  2,  subject  #  1  to  6:  30  minutes  prior  to  sun  exposure,  test 

compounds  were  applied  to  rows  $  1  and  4,  and  also  to  rows  §  2  and  3 
of  subjects  #  4  to  6. 


Thus  rows  //  2  and  3  received  2  applications  of  test  compounds  and 
rows  Jf  1  and  4  received  only  one  application. 


/?F 


Expt.  5  (continued) 


Results: 


e)  Exposure  period:  Rows  #  1  and  2  and  the  control  areas  received 
60  minutes  sun  exposure.  Rows  #  3  and  4,  plus  the  control  areas 
received  80  minutes  of  sun  exposure. 

The  erythemal  response  observed  in  the  control  areas  and  the  test 
areas  was  compared  in  the  following  manner: 

a)  2  applications  v/s  one  application  of  the  test  compounds. 

b)  The  degree  of  protection  afforded  by  each  compound  was  obtained 
by  comparing  the  response  in  the  control  area  adjacent  to  the 
test  area. 


The  following  conclusions  can  be  drawn  from  the  data  obtained  on 
6  subjects  after  6o  and  80  minutes  sun  exposure. 

1)  After  two  applications  of  preparations  G,  Skolex  and  MAP  (D5) 
at  24  hours  and  1  hour  prior  to  sun  exposure,  the  subjects  did 

not  show  any  added  protection  when  compared  against  areas  receiving 
a  single  application  of  the  test  preparations.  In  fact,  areas  that 
received  2  applications  of  test  preparations  showed  slightly  less 
protection  than  areas  receiving  a  single  application  30  minutes 
prior  to  sun  exposure.  This  effect  was  particularly  evident  in  areas 
treated  with  G  and  Skolex.  The  average  protection  after  2 
applications  of  G  and  Skolex  for  60  minutes  exposure  period  was: 

84  and  33  respectively,  whereas  after  a  single  application  the 
>  protection  for  60  minute  period  was  93  and  70  respectively. 
Likewise,  for  80  minutes  sun  exposure,  the  average  >  protection 
afforded  by  G  and  Skolex  after  two  applications  was  58  and  37 
respectively  and  after  a  single  application,  the  average  $  protec¬ 
tion  by  G  and  Skolex  appears  to  be  83  and  68. 

2)  MA.P  (D5)  was  found  to  be  most  effective  in  this  experiment.  All 
subjects  showed  excellent  protection. 


Experiment  #  Cumulative  Effect:  To  determine  whether  protection  against  sun  is  additive  with  repeated 
applications  under  conditions  of  no  exercise  and  no  swimming 
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Experiment  #  5:  Cumulative  Effect:  To  determine  whether  protection  against  sun  is  additive  with  repeated 
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Experiment  6:  To  determine  the  relative  efficacy  of  various  sunscreens  under 


conditions  simulating  normal  usage 


Preparations  to  be  Evaluated:  MAP  (D5),  G,  Solbar  and  Snootie 


Object: 


A-p+or  one  application  e-c  wp  (D5),  G,  Solbar  and  Snootie  on  the 
front  and  back  sides  of  subjects,  evaluate  the  relative  protective 
qualities  of  these  preparations  under  the  conditions  simulating 
normal  usage. 


* 


1 


N'unber  of 
Subjects:  8 


Plan  of 

Experiment:  Masking  tapes  were  applied  in  the  center  of  front  (chest  and  abdomen) 

and  back  of  the  volunteer  to  insure  proper  application  of  compounds 
on  the  right  and  left  side  of  the  body.  On  five  subjects,  as  shown 
below,  one  compound  was  applied  on  one  half  of  the  body  including 
head,  neck  and  extremities  (front  and  back),  and  the  other  compound 
was  a [. t  J ied  on  the  other  half  (front  and  back).  An  untreated  control 
area  (approximately  4"  x  5")  was  left  on  anterior  and  posterior 
surfaces.  On  the  other  3  subjects,  preparation  G  or  MAP  (D5)  was 
applied  only  on  the  half  side  (front  and  back)  and  compared  against 
control  area  (untreated  but  exposed). 


Front 


1 

CON 

Right 

Left 

Subject  # 

1 

2 

3 

4 

5 

6 

7 

8 


Right /Left 

G/D5 

G/Solbar 

G/Snootie 

G/Con 

G/Con 

D5/Solbar 

D5/Snootie 

Con/D5 


Back 


_L 

CON 


Left 


Right 


All  together,  preparation  G  was  applied  on  5  subjects,  preparation 
D5  on  4  subjects  and  preparations  Solbar  and  Snootie  were  applied  on 
4  subjects  (2  each). 


After  one  application  of  test  compounds,  the  following  program  of 
physical  activity  was  followed: 


9:00  -  10:00  a.m. 
10:00  -  10:30  a.m. 
10:35  -  10:45  a.m. 
10:45  -  11:00  a.m. 
11:00 .*■  11:20  a.m. 


Application  of  test  compounds 

Drying  of  the  applied  compounds 

10  minutes  swimming 

Incidental  drying  in  the  sun 

20  minutes,  expose  anterior  surface  from 

horizontal  position. 


*  Normal  conditions  of  use  include  those  things  that  one  would  prefer  to  do  on  a 
beach  on  a  sunny  day,  eg.,  swimming,  lying  on  the  back  and  in  the  prone  position, 
walking  and  running  around  the  court,  playing  volleyball,  etc. 


I 


Expt.  6  (continued) 

11:20  -  11:40  a.m.  20  minutes,  expose  posterior  surface  from 

horizontal  position. 

11:40  -  12:05  p.m.  25  minutes,  walk  around  in  the  sun 

12:05  -  12:15  p.m.  10  minutes,  run  around  in  the  sun 

12:15  -  12:25  p.m.  10  minutes,  swimming 

12:25  -  12:4-5  p.m.  20  minutes,  expose  anterior  surface  from 

horizontal  position. 

12:45  -  1:05  p.m.  20  minutes,  expose  posterior  surface  from 

horizontal  position. 

t 

The  exposed  areas  were  evaluated  at  24  and  48  hours  after  sun  exposure 
for  erythema  and  tanning. 

Results:  Under  conditions  simulating  normal  usage,  preparation  G  was  found 

-  to  be  most  effective  in  affording  satisfactory  protection.  The 

subjects  did  not  exhibit  any  severe  sunburn.  They  exhibited  barely 
perceptible  to  a  moderate  sunburn  response  even  after  a  rigorous 
schedule  of  exercise  and  swimming.  Preparation  MAP  (D5)  was  less 
effective  than  G,  but  still  afforded  satisfactory  protection.  It 
was  definitely  better  than  Solbar  and  Snootie.  These  latter  two 
preparations  were  easily  washed  away  from  the  surface  of  the  skin. 

In  fact,  Solbar  was  found  to  be  least  effective  and  appeared  to  have 
been  washed  away  after  swimming  and  sweating.  The  reason  why  MAP  (D5) 
appeared  to  be  less  effective  than  preparation  G  is  related  to  the 
presence  of  emolients  used  in  preparing  the  D5  preparation.  These 
emolients  lower  the  affinity  of  PABA  to  bind  with  the  horny  layer. 

The  plain  MAP  preparation  without  any  emolients  certainly  affords 
protection  up  to  2  hours  of  high  intensity  mid-day  solar  radiation 
even  after  sweating  and  swimming  (under  similar  conditions  as 
described  above).  In  our  experience,  all  the  leading  commercial 
preparations,  after  a  single  application,  are  washed  away  and  rendered 
ineffective  after  subjecting  the  individuals  to  sweating  or  swimming. 

Conclusions:  In  this  experiment  an  attempt  has  been  made  to  evaluate  the  protective 

-  effect  of  G,  MAP  (D5),  Snootie  and  Solbar  under  conditions  simulating 

normal  usage.  These  included  at  least  two  swimming  periods  lasting 
10  minutes  each  and  two  exposure  periods,  lasting  for  at  least  yo 
minutes  (40  minutes  exposure  on  each  side  under  stationary  conditions 
and  50  mi  mites  exposure  under  walking  conditions).  Thus,  under  these 
rigorous  experimental  conditions,  preparations  G,  and  MAP  (D5) 
provided  satisfactory  protection.  Under  similar  conditions,  the  . 

commercially  available  products  Solbar  and  Snootie,  were  found  to  be 
unsatisfactory  in  affording  protection. 

( 


Trimethylpsoralen  (TMP)  Induced  Fhotosensitization  under  Normal 


Conditions  of  Use  ( Sunbathing 


Sweating  &  Swimming 


This  experiment  was  designed  to  test  the  relative  protective  efficacy 
of  preparations  G  and  MAP  (D5),  against  TMP  induced  photosensitization. 
When  TMP  is  administered  orally  to  human  subjects,  and  their  skin  is 
exposed  to  solar  radiation,  augmented  sunburn  response  is  observed. 
Commercially  available  popular  sunscreens  are  easily  washed  away 
under  conditions  of  exercise  accompanied  by  sweating  or  swimming 
and  afford  very  poor  protection  against  sunburn.  Since  preparations 
G  and  MAP  (D5)  afford  very  satisfactory  protection  even  after  a 
rigorous  schedule  of  exercise  accompanied  by  sweating  or  after 
swimming,  it  was  essential  to  know  whether  these  preparations  can 
inhibit  or  block  the  TMP  induced  photosensitization,  and  promote 
tanning  without  evoking  the  exaggerated  sunburn  response. 

■j  to  be  Evaluated:  G,  MG,  and  MAP  (D5).  Preparation  MG  contained 
approximately  5$  of  glyceryl  para-aminobenzoate  and  preparation  G 
contained  of  glyceryl  para-aminobenzoate. 


Number  of 
Subjects: 


Total  4 


Dose  of  TMP: 


40  mg  of  TMP  per  subject,  administered  orally  2  hours  before  exposure 
to  sun. 


Plan  of 
Experiment : 


a)  Activity:  10  minutes  swimming  after  application  of  test  prep¬ 
arations.  20  minutes  walk  around  the  court  and  10  minutes  running 
to  evoke  sweating. 

b)  Taping:  Masking  tapes  were  applied  to  the  subjects'  chests  and 
backs  as  shown  below: 


Front 


Back 


Right  Left 


Left  Right 


MMMMIIIII  ;iN"i»nrt„.  •»—  w  i . .  — 


-2fjL 
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Expt.  T  (continued) 


Results: 


c)  Preparations  G,  MG  and  MAP  (D5)  were  applied  to  the  subjects' 
front  side  (face,  neck,  shoulder,  chest  and  abdomen)  and  back 
side  (neck,  shoulder,  upper  and  lower  regions  of  back)  as  shown 


below: 

Group 

Subject  # 

Left  Front 
&  Back 

Right  Fror 
&  Back 

7 

1 

G 

MAP  (D5) 

2 

G 

MAP  (D5) 

3 

Modified  G 

MAP  (D5) 

4 

MAP  (D5) 

Modified  G 

An  untreated  control  area  approximately  5"  x  5"  was  left  on  the 
anterior  and  posterior  surfaces. 

d)  Schedule:  The  schedule  for  exercise,  walking  and  swimming  for 
each  subject  of  Group  7  was  as  follows: 


9:00  a.m. 

10:00  -  11:00  a.m. 
11:00  -  11:10 
11:10  -  11:25 
11:25  -  11:45 

11:45  -  12:05  p.m. 

12:05  -  12:20 
12:20  -  12:30 
12:30  -  12:40 
12:40  -  12:50 


40  mg  TMP  orally 

Application  of  the  test  preparations 
10  minutes  swimming 
15  minutes  incidental  drying 
20  minutes,  expose  anterior  surface  from 
horizontal  position 

20  minutes,  expose  posterior  surface  from 
horizontal  position 

15  minutes,  walk  around  court  in  the  sun 
10  minutes,  run  around  court  in  the  sun 
10  minutes  swimming 

10  minutes,  expose  front  and  back  in  the 
standing  position 


Total  Sun  Exposure:  Group  7  -  60  minutes:  This  exposure  was 
approximately  equal  to  1  MED  dose  under  the  experimental 
conditions  described  above.  With  the  fear  that  TMP  might  induce 
undue  cutaneous  photosensitization,  the  duration  of  sun  exposure 
was  kept  to  a  minimum. 


TMP  induced  photosensitzation  response  certainly  appears  to  be 
significantly  blocked  by  all  these  preparations.  The  skin  areas 
that  received  preparations  G,  MG  and  MAP  (D5)  did  not  show  any 
augmented  sunburn.  These  results  certainly  reveal  an  added 
information  that  is  very  useful  for  the  benefit  of  the  patients 
receiving  TMP.  The  effects  of  over  exposure  to  sunlight  can  be 
controlled  by  topical  application  of  these  preparations. 
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CLINICAL  TRIAL  ON  THE  SNOW  COVERED  MOUNTAINS  OF  THE  SWISS  ALPS 

1968 

Dr.  Edgar  Frenk,  who  had  participated  and  collaborated  in  the  first  clinical 
trial  at  the  Arizona  State  Prison  in  1966,  agreed  to  evaluate  preparations  MAP, 

MAP  (D5),  and  G  on  the  snow  covered  mountains  of  the  Alps  (Glaciers  des  Diablerets) 

Objective :  After  a  single  application,  evaluate  preparations  MAP,  MAP  (D5>), 

G  and  UVAL  under  the  following  conditions! 

a)  High  altitude 

b)  Snow  covered  mountains  that  reflect  ultraviolet  radiation 

c)  Activity:  mountain  climbing  and  skiing 


Protocol: 


19  volunteers  participated  in  this  trial  in  the  Alps  (7  male 
subjects  and  12  female  subjects).  All  were  fair-skinned 
Caucasians, 

Grou£_l:  10  subjects  participated  on  April  9,  1968.  Weather 
was  clear,  sunny,  very  windy  and  cold.  Temperature 
was  0-5°C  in  the  shade. 

GrouP  2i  9  subjects  participated  on  June  6,  1968.  Weather 
was  sunny  with  intermittent  clouds.  Temperature 
was  12-15°C. 

The  subjects  were  assembled  at  a  point  2900  meters  above  sea 
+  •  yol^ni®ers  received  a  single  application  of  prepara- 

10ns  iAP,  MAP  (D5),  G  and  UVAL,  Only  2  preparations  were 
evaluated  on  any  one  subject.  Each  subject  received  an  appli¬ 
cation  of  either  MAP,  MAP  (DJ>)  or  G  on  one  side  of  the  face, 
neck  (anterior  cervical  and  sternocleidomastoid  region)  and 
foreann  (anterior  and  posterior).  Adjacent  to  the  treated  areas, 
small  size  control  (untreated)  areas  were  included  to  obtain  the 
response  of  the  untreated  skin  to  sun  exposure.  For  comparison, 
UVaL  or  preparation  G  was  applied  on  the  other  side.  Towards 
the  end  of  the  day  and  on  the  following  day  at  2k  hours  after 
sun  exposure,  the  sunburn  response  of  the  treated  and  the  un¬ 
treated  area  was  evaluated. 

*  fnS6  a?Plication  of  the  test  preparations,  the  subjects 
?°  t°  the  summit  of  the  Glaciers  des  Diablerets.  This  soot 
is  3200  meters  above  sea  level,  and  it  took  2  hours  for  each 
group  to  reach  the  summit.  At  the  summit,  the  participants 
rested  .or  1  hour. in  the  sun.  From  the  sum/nit,  the  subjects 
went  skiing  down  into  the  valley  to  a  point  2000  meters  above 

S  Sl?ing  ?eri0d  lasted  for  1  «»ur.  Thus  each 
subject  was  exposed  to  approximately  k  hours  of  solar  radiation. 


Glinical  Trial -Swiss  Alps  (continued) 


Results  t 


Conclusions: 


The  erythema!  response  of  the  control  (untreated)  areas  for 
each  subject  ranged  from  ++  to  +*++  for  different  sites. 
Subjects  that  were  treated  with  VAP,  HAP  (05)  or  G  showed 
practically  no  erythema!  response  in  the  treated  areas.  All 
preparations  showed  excellent  protection  including  UVAL. 

The  general  imoressiori  T  Dr.  Frenk  was  as  follows:  "Prepara¬ 
tion  HAP  and  MAP  (D^)  seemed  to  be  better  than  G;  G  and  UVAL 
showed  no  evide-  t  difference,  and  MAP  or  MAP  (D5)  were  equally 
good." 


On  tne  ultraviolet  reflecting  snow  covered  mountains,  prepara¬ 
tions  iAP ,  MAP  (D5)  and  G  afford  v  ury  effective  protection 
during  mountain  climbing  and  skiing.  As  a  dermatologist.  Dr. 
Frenk  feels  that  skiers  have  a  very  difficult  problem  of 
protection  against  highly  reflecting  solar  radiation  during 
the  skiing  season.  The  commercial  products  do  not  provide 
adequate  and  satisfactory  protection  when  skiers  are  mountain 
climbing  and  skiing.  As  a  result  of  this  trial,  it  appears 
that  the  preparations  MAP,  IAP  (DJ>)  and  G  can  eliminate  the 
hazards  of  facial  sunburn  while  skiing. 
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